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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES BLUE 
SEMICONDUCTORS RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS GREEN 


The contents of each series are listed on pages iv to viii. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. ; 
Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 


Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. _ 
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ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 


T1 


T2a 


T2b 


T3 


ET3 


T4 


TS 


T6 


i 


T8 


T9 


T10 


T11 


T12 


T13 


T14 


18 


T16 
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Tubes for r.f. heating 

Transmitting tubes for communications, glass types 

Transmitting tubes for communications, ceramic types 

Klystrons, travelling-wave tubes, microwave diodes 

Special Quality tubes, miscellaneous devices (wil! not be reprinted) 
Magnetrons for microwave heating 


Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


Geiger-Muller tubes 


Gas-filled tubes 
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial 
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories 


Picture tubes and components 

Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data 
graphic display, monochrome monitor tubes for data graphic display, components for colour 
television, components for black and white television and monochrome data graphic display 


Photo and electron multipliers 

Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron 
multiplier plates 

Camera tubes and accessories 

Microwave semiconductors and components 


Vidicons and Newvicons 


Image intensifiers : : : 
“a Data collations on these subjects are available now. 


D . * ii i 
Infrared detectors ata Handbooks will be published in 1985. 


Dry reed switches 


Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 





SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks comprises: 


$1 


510 


511 


S12 


Salad germanium diodes, small-signal silicon diodes, voltage regulator diodes (< 1,5 W), 
voltage reference diodes, tuner diodes, rectifier diodes 

Power diodes 

Thyristors and triacs 

Small-signal transistors 

Low-frequency power transistors and hybrid modules 

High-voltage and switching power transistors 

Field-effect transistors 

R.F. power transistors and modules 

Surface mounted semiconductors 

Devices for optoelectronics 

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 

Power MOS transistors 

Wideband transistors and wideband hybrid IC modules 


Microwave semiconductors (to be published in 1985) 


Surface acoustic wave devices 
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INTEGRATED CIRCUITS (PURPLE SERIES) 


The purple series of data handbooks comprises: 

EXISTING SERIES 

Ic1 Bipolar ICs for radio and audio equipment 

Ic2 Bipolar ICs for video equipment 

IC3  ~—=—- ICs for digital systems in radio, audio and video equipment 


IC4 _ Digital integrated circuits 
CMOS HE4000B family 


ICS _ Digital integrated circuits — ECL 
ECL10000 (GX family), ECL100 000 (HX family), dedicated designs 


IC6 = Professional analogue integrated circuits 
IC? =: Signetics bipolar memories 

IC8 Signetics analogue circuits 

IC9 = Signetics TTL logic 

1C10 =©Signetics Integrated Fuse Logic (IFL) 


1C11 Microprocessors, microcomputers and peripheral circuitry 





vi February 1984 


NEW SERIES 


ICOIN Radio, audio and associated systems 


Bipolar, MOS 

ICO2N Video and associated systems 
Bipolar, MOS 

ICO3N = Telephony equipment 
Bipolar, MOS 

ICO4N HE4000B logic family 
CMOS 

ICOSN HE4000B logic family uncased integrated circuits (published 1984) 
CMOS : 

ICO6N = PC54/74HC/HCU/HCT logic families 
HCMOS 

ICO7N = PC54/74HC/HCU/HCT uncased integrated circuits 
HCMOS 

ICO8N 10K and 100K logic family (published 1984) 
ECL 

ICO9N = Logic series (published 1984) 
TTL 


IC10N Memories 
MOS, TTL, ECL 


IC11N Analogue - industrial = 


IC12N Semi-custom gate arrays & cell libraries 
ISL, ECL, CMOS 


IC13N Semi-custom integrated fuse logic 
IFL series 20/24/28 


IC14N Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 


IC15N Logic series 
FAST TTL (published 1984) 


Note 


Books available in the new series are shown with their date of publication. 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 


C1 Assemblies for industrial use 
PLC modules, PC20 modules, HNIL F2/30 series, NORbits 60-, 61-, 90-series, input devices, 
hybrid ICs 


C2 Television tuners, video modulators, surface acoustic wave filters 
c3 Loudspeakers 

c4 Ferroxcube potcores, square cores and cross cores 

C5 Ferroxcube for power, audio/video and accelerators 

C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

cs Variable mains transformers 


c9 Piezoelectric quartz devices 
Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators, 
quartz crystal cuts for temperature measurements 


C10 Connectors 


C11 ~=Non-linear resistors 
Voltage dependent resistors (VDR), light dependent resistors (LQR), negative temperature 
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC) 


C12  ~=Variable resistors and test switches ; 
C13 ——~Fixed resistors 

C14 ~—s Electrolytic and solid capacitors 

C15 Ceramic capacitors* 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 

C18 = D.C. motors 


C19 ~—s_ Piezoelectric ceramics 


C20 Wire-wound components for TVs and monitors 


* Film capacitors are included in Data Handbook C2? which will be published in 1985. The September 
1982 edition of C15 should be retained until C22 is issued. 
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TYPE NUMBER 
SURVEY 





In this alphanumeric list we present all small-signal transistors mentioned in this handbook. 















































































































































ber envelope hea =e envelope page 
BC107 n |10-18 TQ-92 var. 

BC108 n | TO-18 TO-92 var. 71 
BC109 | n | TO-18 TO-92 var. 177 
BC140 n |TO-39 TO-18 183 
BC141 n | TO-39 TO-18 183 
BC146 n SOT-42 TO-18 187 
BC160 p | TO-39 TO-18 187 
BC161 p | TO-39 TO-18 197 
BC177 p |TO-18 TO-18 197 
BC178 p | TO-18 TO-18 | 197 
BC179 p |T0O-18 TO-18 217 
BC200 p | SOT-42 TO-18 225 
BC327 p | TOQ-92 var. TO-71 225 
BC327A |p | TO-92 var. TO-71 225 
BC328 p | TO-92 var. TO-71 1225 
BC337 n | TO-92 var. | TO-92 var. 233 
BC337A |-n_ | TO-92 var. TO-92 var. 247 
BC338 n | TOQ-92 var. TO-9? var. 255 
BC368 n | TO-92 var. | TO-92 var. 255 
BC369 p | 10-92 var. TO-92 var. 259 
BC375 n | TO-92 var. TO-92 var. 265 
BC376 p | TO-92 var. | TO-92 var. 269 
BC546 n | 10-92 var. TO-92 var. 275 
BC547 n | TO-92 var. TO-92 var. 269 
BC548 n | TQ-92 var. TO-92 var. 275 
BC549 n | TO-92 var. BF450 | TO-92 var. | ! | 281 
BC550 n TO-9?2 var. BF451 TO-9? var, 40D 25 {281 
BC556 |p | TO-92 var. BF483 TO-92 var. | 250 100 | 285 
BC557 |p | TO-92 var. BF485 | TO-92 var. | 300 100 | 295 
BC558 p | TQ-92 var. BF487 TO-92 var. | 350 100 | 285 
BC559 p | TO-92 var. BF494 TO-92 var. 20 30 | 289 
BC560 |p | TO-92 var. BF495__ TO-92var.} 20 | 30 |297 
BC635 n | TO-92 var. BF496 TO-92 var. 20 20 | 305 
BC636 p | TO-92 var. BF926 | TO-92 var. 20 | 25 {309 
BC637 n | TO-92 var. BF936 | | TO-92 var. 20 25 1311 

ICM. 


FO NCER: én = 1-p-n; p = p-n-p. 
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TYPE NUMBER 


10 


SURVEY 










envelope 


TO-92 var. 
SOT-37 
SOT-37 
SOT-37 
TO-9? var. 


TO-39 
TO-39 
TO-39 
TO-39 
TO-39 


TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-72 


TO-72 

TO-92 var. 
TO-9? var. 
TO-92 var. 
TO-92 var. 


TO-92 var. 
TOQ-92 var. 
| TO-92 var. 
TO-92 var. 


TO-39 
| TO-39 
TO-39 
TO-39 
TO-39 
TQ-39 


TO-92 var. | 


TO-39 
TO-39 
| TO-39 
TO-39 
| TO-39 
TO-39 
TO-39 
TO-18 
TO-18 
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CEO ic a 
25 20 | 313 
30 20 | 317 
35 30 | 323 
30 30*| 325 
15 | 500*| 329 
300 | 500 | 337 
250 | 500 | 337 
60 | 600 | 345 
65 | 600 | 359 
60 | 2000 | 371 
60 | 1000 | 377 
60 |1000 | 377 
35 | 1000 | 377 
50 | 600 | 345 
40 | 600 | 345 
35 |1000 | 349 
30 | 1000 | 349 
20 | 1000 | 349 
35 |1000 | 419 
50 | 175 | 431 
70 | 175 | 435 
70 | 175 | 459 
45**1 1000 | 463 
60**| 1000 | 463 
80**| 1000 | 463 
45**| 1000 | 469 
60**| 1000 | 469 
g0**/ 1000 | 469 
100 100 | 475 
45**|1000 | 479 
60**| 1000 | 479 
g0**! 1000 | 479 
45**| 1000 | 487 
60**| 1000 | 487 
80**| 1000 | 487 
100 | 100 | 495 
40 |1000 | 499 
60 |1000 | 499 
80 |1000 | 499 
60 |2000 | 509 
100 |1000 | 515 
120 (1000 | 515 
150 |1000 | 515 
15 | 500*| 523 
15 | 500*| 523 


| BSX45 
| BSX46 
| BSX47 


| BSX60 
| BSX61 


| 2N2297 
| 2N2368 


| 2N2369A 
| 2N2483 


| 2N2907A 
| 2N3019 


| 2N3905 


type 
number 


> 


BSX59 


BSY95A 

PH2222:R 
PH2222A 
PH2222AR 


PH2369 
PH2907:R| p 
PH2907A |p 
PH2907AR| p 
PH5415 
PH5416 
2N929 
2N930 
2N1613 
2N1711 


2N1893 
2N2219 
2N2219A 
2N2222 
2N2222A 


— a a ee ee ee a Be te — a ta 


2N2369 


2N2484 
2N2904 
2N29044 | 
2N2905 
2N2905A | 


2N2906 
2N2906A | 
2N2907 


2N3020 
2N3053 
2N3903 
2N3904 


Ososas3a 320ttTtT oeetos ssaoaasas assess oasis 


envelope 


TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-18 


| 10-92 var. 
TO-92 var. 
TO-92 var. 


TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 
TO-92 var. 


TO-18 
TO-18 
TO-39 
TO-39 
TO-39 
TO-39 
TO-39 
TO-18 
TO-18 
TO-39 


| TO-18 


TO-18 
TO-18 
TO-18 


TO-18 
TO-39 
TO-39 
TO-39 
TO-39 


TO-18 
TO-18 
TO-18 
TO-18 
TO-39 


TO-39 
TO-39 
TO-92 
TO-92 
TO-92 


Vceo | 'c 
V mA 
40 | 1000 
60 | 1000 
80 | 1000 
45 | 1000 
30 | 1000 
45 | 1000 
15 | 100 
30 | 800 
40 | 800 
40 | 800 
15 | 500* 
40 | 600 
60 | 600 
60 | 600 

200 | 1000 
300 | 1000 
45 30 
45 30 
50**) 1000* 
50**) 1000 
80 | 500 
30 | 800 
40 | 800 
30 | 800 
40 | 800 
35 | 1000 
15 | 500* 
15 | 500* 
15 | 200 
60 50* 
60 50* 
40 600 
60 | 600 
40 | 600 
60 | 600 
40 | 600 
60 | 600 
40 | 600 
60 | 600 
80 | 1000 
80 | 700 
40 | 700 
40 | 200 
40 | 200 
40 | 200 


page 


545_ 
545 


1545 


557 
557 
boy 
569 
573 
573 
573 
577 
587 
587 
587 
591 


591 
593 
593 
597 
605 
609 
613 


613 


619 


} 619 


625 
629 
629 
633 
637 
637 
641 
641 
649 
649 


1653 


653 
65/7 
65/7 
600 
661 
665 
667 
667 
671 


4n=n-p-n; p =p-n-p; p! = p-n-p-n. 






TYPE NUMBER 
SURVEY 





tae i envelope YCEO es page 
2N3906 |p | TO-92 40 200 |671 
2N4030 | p TO-39 60 1000 |675 
2N4031 |p | TO-39 80 1000 |675 
2N4032 |p | TO-39 60 1000 |675 
2N4033 |p | TO-39 | 80 | 1000 |675 
2N4123 | n TO-92 30 200 |679 
2N4124 | n | TO-92 25 200 |679 
2N4125 |p TO-92 30 200 | 681 
2N4126 |p | TO-92 25 200 | 681 
2N5400 |p |TO-92 | 120 | 600 |683 
2N5401 |p | TO-92 | 150 600 | 683 
2N5415 |p | TO-39 | 200 1000 | 685 
2N5416 | p TO-39 | 300 1000 | 685 i 
2N5550 | n TO-92 | 160 600 | 689 
2N5551 | n TO-92 | 180 600 | 689 


4n=Nn-p-n;p = p-n-p. 
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CONVERSION 
LIST 





CONVERSION LIST 


conventional to microminiature type 


conventional microminiature conventional microminiature conventional microminiature 





type type type type type type 
BA243 BAT18 BC177B BC857B BC368 BC&868 
BA314 BAS17 BCW70 BC369 BC869 
BA481 BAT17 BC178 BC858 BC546 BC846 
BA482 BAT18 BCW29/30 BCV71/72 
BAV19 BAS19 BC178A BC858A BC546A BC846A 
BAV20 BAS20 Bcw29 BCV71 
BAV21 BAS21 BC178B BC858B BC546B BC846B 
BAW62 BAS16 BCW30 BCV72 
BAV70 BC179 BC859 BC547 BC847 
BAV99 BCF29/30 BCW71/72/81 
BAW56 BC179A BC859A BC547A BC847A 
BB405 BBY31 BCF29 BCW71 
BB809 BBY 40 BC179B BC859B BC547B BC847B 
BC107 BC847 BCF30 BCW72 
BCW71/72 BC200/01  BC859B BC547C BC847C 
BC107A BC847A BCF29 BCW81 
BCW71 BC200/02  8C859B/C BC548 BC848 
BC107B BC847B BCF29/30 BCW31-33 
BCW72 BC200/03 BC859C BC548A, BC848A 
BC108 BC848 BCF30 BCW31 
BCW31-33 BC327 BC807 BC548B BC848B 
BC108A BC848A BCX17 BCW32 
BCW31 BC327-16  BC807-16 BC548C BC848C 
BC108B BC848B BC327-25 BC807-25 BCW33 
BCW32 BC327-40 BC807-40 BC549 BC849 
BC109 BCB49 BC327A BCF32/33 
BCF32/33 BC328 BC808 BC549B BC849B 
BC109B BC849B BCX18 BCF32 
BCF32 BC328-16  BC808-16 BC549C BC849C 
BC109C BC849C | BC328-25  BC808-25 BCF33 
BCF33 BC328-40 BC808-40 BC550 BC850 
BC146/01  BC849B | BC337 BC817 BCF81 
BCF32 | BCX19 BC550B BC850B 
BC146/02  BC849B/C | BC337-16  8BC817-16 BC550C BC850C 
BCF32/33 | BC337-25 BC817-25 BC556 BC856 
BC146/03. BC849C BC337-40 BC817-40 BCW89 
BCF33 BC338 BC818 BC556A BC856A 
BC177 BC857 BCX20 BCcws9 
BCW69/70 BC338-16 BC818-16 BC556B BC856B 
BC177A BC857A BC338-25  BC818-25 BC557 BC857 
BCW69 BC338-40  BC818-40 BCW69/70 
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14 


LIST 


conventional microminiature 
type 


type 
BC557A 
BC55/B 


BC557C 
BC558 


BC558A 
BC558B 


BC558C 
BC559 


BC559A 
BC559B 


BC559C 
BC560 


BC560A 
BC560B 


BC560C 
BC635 
BC635-6 
BC635-10 
BC635-16 
BC636 
BC636-6 
BC636-10 
BC636-16 
BC&37 
BC637-6 
BC637-10 
BC637-16 
BC638 
BC638-6 
BC638-10 
BC638-16 
BC639 
BC639-6 
BC639-10 
BC639-16 
BC640 
BC640-6 
BC640-10 
BC640-16 
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BCB57A 
BCW69 
BC857B 
BCW70 
BCB57C 
BC858 
BCW29/30 
BCB58A 
BCW29 
BC858B 
BCW30 
BCB58C 
BC859 
BCF29/30 
BCBS9A 
BCF29 
BC859B 
BCF30 
BC&59C 
BC860 
BCF70 
BC860A 
BC860B 
BCF/0 
BC860C 
BCX54 
BCX54-6 
BCX54-10 
BCX54-16 
BCX51 
BCX51-6 
BCX51-10 
BCX51-16 
BCX55 
BCX55-6 
BCX55-10 
BCX55-16 
BCX52 
BCX52-6 
BCX52-10 
BCX52-16 
BCX56 
BCX56-6 
BCX56-10 
BCX56-16 
BCX53 
BCX53-6 
BCX53-10 
BCX53-16 





conventional microminiature 
type 


type 


BCY56 


BCY57 
BCY58 


BCY58-VI| 
BCY58-VIII 


BCY58-1X 
BCY58-X 


BCY59 


 BCY59-VII 
- BCY59-VIII 


BCY59-IX 
BCY59-X 
BCY70 


BCY71 


| BCY72 


BCY78 


BCY78-VIl 


BCY78-VIII 


BCY78-1X 


BCY78-X% 
BCY79 
BCY79-VII 
BCY79-VIII 
BCY79-IX 
BF198 


BF199 
BF240 


BC850B 
BCF70 
BCS49 
BCF32/33 
BC849 


BCW60 fam. 


BCW60A 
BC849B 
BCW60B 
BC849B 
BCW6OC 
BC84sC 
ACWE60D 
BC850 


BCX7/0 fam. 


BCX70G 
BC850B 
BCX70H 
BC850B 
BCX/OJ 
BC850C 
BCX70K 
BC860 
BCF70 
BC860 
BCF70 
BC859 
BCF29/30 
BC859 


BCW61 fam. 


BC859A 
BCW61A 
BC859A/B 
BCW61B 
BC859B 
BCW61C 
BC859C 
BCW61D 
BC860 


BCX71 fam. 


BC860A 
BCX?1G 
BC860A/B 
BCX71H 
BC860B 
BCX71J 


BFS20 





conventional microminiature 
type 


BF241 
BF324 
BF410A4 
BF410B 
BF410C 
BF410D 
BF419 
BF420 


BF421 


BF422 


BF423 


BF450 
BF451 
BF457 
BF458 
BF459 
BF469 
BF470 
BF471 
BF4/s2 
BF49g4 


 BF494B 


BF494C 
BF495 
BF495C 
BF495D 
BF606A 
BF819 
BF85/ 
BF85é8 
BFea59 
BF869 
BF870 
BF871 
BF872 
BF926 
BF936 
BF9S9 


| BF960 


BF964 
BF966 
BF9O67 
BF970 
BF979 
BF980 





type 


BF824 
BF510 
BF511 
BF512 
BF513 
BST40 
BF620 
BF820 
BF621 
BF821 
BF622 
BF8&22 
BF623 
BF823 
BF550 


BST40 
BST40 
BST39 
BF622 
BF623 
BF620 
BF621 
BFS19 
BFS19 
BFS19 
BFS18 
BFS18 
BFS18 
BF660 
BST40 
BST40 
BST40 
BST39 
BF622 
BF623 
BF620 
BF621 
BF660 
BF536 


BF989 
BFOO4 
BF996 
BF767 
BF569 
BF5/9 
BF990 





Conversion list 


conventional microminiature 


type 


BF981 

BF9B2 

BFQ23 
BFOQ24 
BFO34 
BFQ51 

BFQ52 
BFR54 
BFR90 
BFR91 
BFRO6 
BFT24 
BFT44 
BFT45 
BFW11 
BFW12 
BFW13 


BFWI6A 


BFW30 
BFW92 
BFW93 
BFX29 
BFX30 
BF X84 
BFX85 
BFX86 
BFX87 
BF X88 
BFY'50 
BFY51 
BFY52 
BFY55 
BFYS30 
BR101 
BRY39 
BRY56 
BSR50 
BSR51 
BSR52 
BSR60 
BSR61 
BSR62 
BSS38 
BSs50 
BSs51 
BSs52 
BSs60 
BSS61 
BSS62 


type 


BF991 
BF99? 
BFT93 
BFT93 
BFOI8A 
BFT92 
BFT92 
BSV52 
BFR92A 
BFR93A 
BFQ19 
BFT25 
BST16 
BST 15/16 
BFRSO 
BFR31 
BFT46 
BFQ17 
BFR53 
BFS17 
BFRS53 
BSR16 
BSR16 
BSR40 
BSR41 
BSR41 
BSR16 
BSR15 
BSR40 
BSR40 
BSR40 
BSR40 
BFS17 
BRY62 
BRY62 
BRY61 
BST50 
BST51 
BST52 
BST60 
BST61 
BST62 
BSS64 
BST50 
BST51 
BST52 
BST60 
BST61 
BST62 


esas 





conventional microminiature 


type 


BSS68 
BSV15 
BSV 15-6 
BSV15-10 
BSV15-16 
BSV16 
BSV 16-6 
BSV16-10 
BSV 16-16 
BSV17 
BSV17-6 
BSV17-10 
BSA19 
BSA20 
BSx45 
BS%45-6 
BS%45-10 
BSX45-16 
BSX46 
BSX46-6 
BSX46-10 
BSX46-16 
BSx47 
BSX47-6 
BSX47-10 
BSY95A 
BZX%55 
BZx79 
BZV85 
PH2222 
PH2222A 
PH2369 
PH2907 
PH2907A 
1N4148 


2N929 
2N930 


2N1613 
2N1711 
2N1893 
2N2219 
2N2219A 
2N2222 
2N2222A 
2N2297 





type 


BSS63 
BSR30/31 
BSR30 
BSR30/31 
BSR31 
BSR30/31 
BSR30 
BSR30/31 
BSR31 
BSR32/33 
BSR32 
BSR32/33 
BSV52 
BSV52 
BSR40/41 
BSR40 
BSR40/41 
BSR41 
BSR40/41 
BSR40 
BSR40/41 
BSR41 
BSR42/43 
BSR42 
BSR42/43 
BSV52 
BZX84 
BZX84 
BZV49 
BSR13 
BSR14 
BSV52 
BSR15 
BSR16 
BAS16 
BAV70 
BAV9Q 
BAWS6 
BC850 
BC850 
BCF81 
BSR40 
BSR41 
BSR42 
BSR13 
BSR14 
BSR13 
BSR14 
BSR40 


conventional 


type 


2N2368 


2N2369 
2N2369A 
2N2483 
2N 2484 
2N 28944, 
2N2905 
2N2905A 
2N2907 
2N2907A 
2N3019 
2N3020 
2N3053 
2N3903 
2N3904 
2N3905 
2N3906 
2N4030 
2N4031 
2N4032 
2N4033 
2N4123 
2B4124 
2N4856 
2N4857 
2N4858 
2N5415 
2N5416 
BD135 
BD135-6 
BD135-10 
BD135-16 
BD136 
BD136-6 
BD 136-10 
BD136-16 
BD137 
BD137-6 
BD137-10 
BD137-16 
BD138 
BD138-6 
BD138-10 
BD138-16 
BD139 
BD139-6 
BD139-10 
BD139-16 
BD140 








CONVERSION 


microminiature 


type 


BSV52 


BSV52 
BSV52 
BC850B 
BC850B/C 
BSR12 
BSR15 
BSR16 
BSR15 
BSR16 
BSR43 
BSR42 
BSR40/41 
BSR17 
BSRI7A 
BSR18 
BSRI8A 
BSR30 
BSR31 
BSR32 
BSR33 
BSR17 
BSR18 
BSR56 
BSR57 
BSR56é 
BST15 
BST16 
BCX54 
BC.X54-6 
BCX54-10 
BCX54-16 
BCX51 
BCX51-6 
BCX51-10 
BCX%51-16 
BCX55 
BCX55-6 
BCX55-10 
BCX55-16 
BCX52 
BCX52-6 
BCX52-10 
BCX52-16 
BCX56 
BCX56-6 
BCX56-10 
BCX56-16 
BCX53 
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CONVERSION 


LIST 


conventional 
type 


BD140-6 
BD140-10 
BD140-16 
BDW55 
BDW56 


16 July 1984 









microminiature 


type 
BCX53-6 
BCX53-10 
BCX53-16 


BCX54 
BCX51 


conventional 


type 


BDW57 
BDW58 
BDW59 
BOW60 
BDX42 


microminiature 
type 





BCX55 
BCX52 
BCX56 
BCX53 
BST50 


BDX43 
BDOXx44 
BDX45 
BDX46 
BDX47 





conventional microminiature 
type 


type 


BST51 
BST52 
BST60 
BST61 
BST61 
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PRO ELECTRON TYPE DESIGNATION CODE 
FOR SEMICONDUCTOR DEVICES 


This type designation code applies to discrete semiconductor devices — as opposed to integrated 
circuits —, multiples of such devices and semiconductor chips. 


“Although not all type numbers accord with the Pro Electron system, the following explanation is given 


for the ones that do.” 


A basic type number consists of: 
TWO LETTERS FOLLOWED BY A SERIAL NUMBER 


FIRST LETTER 


The first letter gives information about the material used for the active part of the devices. 


9 WO 


GERMANIUM or other material with band gap of 0,6 to 1,0 eV. 

SILICON or other material with band gap of 1,0 to 1,3 eV. 
GALLIUM-ARSENIDE or other material with band gap of 1,3 eV or more. 
COMPOUND MATERIALS (e.g. Cadmium-Sulphide). 


SECOND LETTER 


The second letter indicates the function for which the device is primarily designed. 


. TRANSISTOR; power, audio frequency (R¢h j-mb = 15 °C/W) 


N<xXCA"2O7ZrTaANmMoOoOWp 


. DIODE; signal, low power 


DIODE; variable capacitance 
TRANSISTOR; low power, audio frequency (R¢h j-mb > 15 OC/W) 


DIODE; tunnel 

TRANSISTOR; low power, high frequency (Rth j-mb > 15 °C/W) 
MULTIPLE OF DISSIMILAR DEVICES — MISCELLANEOUS; e.g. oscillator 
DIODE; magnetic sensitive 

TRANSISTOR; power, high frequency (R¢h j-mb = 15 °C/W) 


. PHOTO-COUPLER 


RADIATION DETECTOR; e.g. high sensitivity phototransistor 


. RADIATION GENERATOR; e.g. light-emitting diode (LED) | 
. CONTROL AND SWITCHING DEVICE; e.g. thyristor, low power (Reh j-mb > 15 °C/W) 


TRANSISTOR; low power, switching (Rth j-mb > 15 °C/W) 

CONTROL AND SWITCHING DEVICE; e.g. thyristor, power (Rep j-mb = 15 9C/W) 
TRANSISTOR; power, switching (Rt j-mb = 15 9C/W) 

DIODE: multiplier, e.g. varactor, step recovery 

DIODE; rectifying, booster 

DIODE; voltage reference or regulator (transient suppressor diode, with third letter W) 
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TYPE 





SERIAL NUMBER 


Three figures, running from 100 to 999, for devices primarily intended for consumer equipment.* 
One letter (2, Y, X, etc.) and two figures, running from 10 to 99, for devices primarily intended for 
industrial/professional equipment.* 

This letter has no fixed meaning except W, which is used for transient suppressor diodes. 


VERSION LETTER 


It indicates a minor variant of the basic type either electrically or mechanically. The letter never has a 
fixed meaning, except letter R, indicating reverse voltage, e.g. collector to case or anode to stud. 


SUFFIX 


Sub-classification can be used for devices supplied in a wide range of variants called associated types. 
Following sub-coding suffixes are in use: F 


1. VOLTAGE REFERENCE and VOLTAGE REGULATOR DIODES: ONE LETTER and ONE 
NUMBER 
The LETTER indicates the nominal tolerance of the Zener (regulation, working or reference) voltage 
A. 1% (according to [EC 63: series E96) 
B. 2% (according to IEC 63: series E48) 
C. 5% (according to IEC 63: series E24) 
D. 10% {according to [EC 63: series E12) 
E. 20% (according to |EC 63: series E6) 
The number denotes the typical operating (Zener) voltage related to the nominal current.rating for 
the whole range. 
The letter “V’ is used instead of the decimal point. 


2. TRANSIENT SUPPRESSOR DIODES: ONE NUMBER 
The NUMBER indicates the maximum recommended continuous reversed (stand-off) voltage VR. The 
letter “V" is used as above. 


3. CONVENTIONAL and CONTROLLED AVALANCHE RECTIFIER DIODES and THYRISTORS: 
ONE NUMBER 
The NUMBER indicates the rated maximum repetitive peak reverse voltage (Vp Rpg) or the rated 
repetitive peak off-state voltage (VpRy), whichever is the lower. Reversed polarity is indicated by 
letter R, immediately after the number. 


4, RADIATION DETECTORS: OWE NUMBER, preceded by a hyphen (—) 
The NUMBER indicates the depletion layer in um. The resolution is indicated by a version LETTER. 


5, ARRAY OF RADIATION DETECTORS and GENERATORS: OWE NUMBER, preceded by a stroke 


(/). 
The NUMBER indicates how many basic devices are assembled into the array. 


* When these serial numbers are exhausted the serial number for consumer types may be extended to 
four figures, and that for industrial types to three figures. 
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SYSTEMS 


RATING SYSTEMS 


The rating systems described are those recommended by the International Electrotechnical Commission 
(IEC) in its Publication 134. 


DEFINITIONS OF TERMS USED 
Electronic device. An electronic tube or valve, transistor or other semiconductor device. 


Note 
This definition excludes inductors, capacitors, resistors and similar components. 


Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a Set of related values, 
usually shown in graphical form. 


Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 


Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 


Note 
Limiting conditions may be either maxima or minima. 


Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 
Note 


The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed- 
ed under the worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 


The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con- 
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 
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DESIGN MAXIMUM RATING SYSTEM 


Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under the worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations in the charac- 
teristics of the electronic device under consideration. 


The equipment manufacturer should design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control adjustment, load variation, 
signal variation and environmental conditions. 


DESIGN CENTRE RATING SYSTEM 

Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under normal conditions. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device 
in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 
The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply 
voltage. 
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LETTER SYMBOLS 





based on JEC Publication 148 


LETTER SYMBOLS FOR CURRENTS, VOLTAGES AND POWERS 


Basic letters 


The basic letters to be used are: 


1 = current 
Vv = voltage 
P, p = power, 


Lower-case basic letters shall be used for the representation of instantaneous values 
which vary with time. 
In all other instances upper-case basic letters shall be used. 


Subscripts 


A, a 
(AV). (av) 


NPS 
Noo 


—— 


Anode terminal 

Average value 

Base terminal, for MOS devices: Substrate 

Breakdown 

Collector terminal 

Drain terminal 

Emitter terminal 

Forward 

Gate terminal 

Cathode terminal 

Peak value 

As third subscript: The terminal not mentioned is open circuited 

As first subscript: Reverse. As second subscript: Repetitive. 

As third subscript: With a specified resistance between the terminal 
not mentioned and the reference terminal. 

R.M.S. value 

As first or second subscript: Source terminal (for FETS only) 

As second subscript: Non-repetitive (not for FETS) 

As third subscript: Short circuit between the terminal not mentioned 
and the reference terminal 

Specified circuit 

Replaces R to indicate the actual working voltage, current or power 

of voltage reference and voltage regulator diodes. 


Note: No additional subscript is used for d.c. values. 
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Upper-case subscripts shall be used for the indication of: 
a) continuous (d.c.) values (without signal) 
Example Ip 


b) instantaneous total values 

Example ip 
c) average total values 

Example IB(AV) 
d) peak total values 

Example Ipyy 


e) root-mean-square total values 
Example I3(RMS) 


Lower-case subscripts shall be used for the indication of values applying to the varying 
component alone: 


a) instantaneous values 
Example i, 


b) root-mean-square values 


c) peak values 
Example Ipm 


d) average values 
Example Ip/fav) 


Note: If more than one subscript is used, subscript for which both styles exist shall 
either be all upper-case or all lower-case. 


Additional rules for subscripts 


Subscripts for currents 


Transistors: If it is necessary to indicate the terminal carrying the current, this should 
be done by the first subscript (conventional current flow from the external 
circuit into the terminal is positive). 


Examples : In. tps ips lan 


Diodes: To indicate a forward current (conventional current flow into the anode 
terminal) the subscript F or f should be used; for a reverse current 
(conventional current flow out of the anode termina]) the subscript R or r 
should be used. 


Examples: Ip, Ip, if, Ifrms) 
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Subscripts for voltages 

Transistors: If it is necessary to indicate the points between which a voltage is meas- 
ured, this should be done by the first two subscripts. The first subscript 
indicates the terminal at which the voltage is measured and the second the 
reference terminal or the circuit node. Where there is no possibility of 
confusion, the second subscript may be omitted. 

Examples: V__, v.., Vv, , ¥ 
Xampres: ‘pn’ ‘BE’ ‘be’ — bem 

Diodes: To indicate a forward voltage (anode positive with respect to cathode), the 
subscript F or f should be used; for a reverse voltage (anode negative with 
respect to cathode) the subscript R or r should be used. 


¥ 
R’ EF’? ‘xm 


Examples: Vie V 
Subscripts for supply voltages or supply currents 


Supply voltages or supply currents shall be indicated by repeating the appropriate term- 
inal subscript. 


Examples: Vac: loR 


Note: If it is necessary to indicate a reference terminal, this should be done by a third 
subscript 


Example: Vcocr 


Subscripts for devices having more than one terminal of the same kind 

If a device has more than one terminal of the same kind, the subscript is formed by the 
appropriate letter for the terminal followed by a number; in the case of multiple sub- 
scripts, hyphens may be necessary to avoid misunderstanding. 


Examples: I, = continuous (d.c.) current flowing 


2? é eras 
into the second hase terminal 
V2 E- continuous (d.c.) voltage between 
the terminals of second base and 
emitter 


Subscripts for multiple devices 


For multiple unit devices, the subscripts are modified by a number preceding the letter 
subscript; in the case of multiple subscripts, hyphens may be necessary to avoid mis- 
understanding. 


Examples: loa = continuous (d.c.) current flowing 
into the collector terminal of the 
second unit 


Vic 9c = continuous (d.c.) voltage between 
the collector terminals of the 
first and the second unit. 
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Application of the rules 


The figure below represents a transistor collector current as a function of time. It con- 
sists of a continuous (d.c.) current and a varying component. 






collector | 







current 
Ic 1 , To(av) 
(no signal) : 
| l 


time 7265986 


LETTER SYMBOLS FOR ELECTRICAL PARAMETERS 
Definition 


For the purpose of this Publication, the term “electrical parameter" applies to four- 
pole matrix parameters, elements of electrical equivalent circuits, electrical impedan- 
ces and admittances, inductances and capacitances. 


Basic letters 


The following is a list of the most important basic letters used for electrical parameters 
of semiconductor devices. 


B,b = susceptance; imaginary part of an admittance 


C 


capacitance 

G,g = conductance; real part of an admittance 
H,h = hybrid parameter 

L = inductance 

R,r = resistance; real part of an impedance 

X,X = reactance; imaginary part of an impedance 
Y,y = admittance; 


4,2 = impedance; 
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Upper-case letters shall be used for the representation of: 


a) electrical parameters of external circuits and of circuits in which the device forms 
only a part; 


b) all inductances and capacitances. 

Lower-case letters shall be used for the representation of electrical parameters inher- 
ent in the device (with the exception of inductances and capacitances). 

Subscripts 

General subscripts 


The following is a list of the most important general subscripts used for electrical para- 
meters of semiconductor devices: 


Ey % = forward; forward transfer 
l,i(or 1) = input 
L, 1 = load 
QO, o (or 2) = output 
R,r = reverse; reverse transfer 
5,6 = source 
Examples: Z4., h., h 
gp G 
The upper-case variant of a subscript shall be used for the designation of static (d.c.) 
values. 
Examples : he . = static value of forward current transfer ratio in common- 
| emitter configuration (d.c. current gain) 
Re = d.c,. value of the external emitter resistance. 


Note: The static value is the slope of the line from the origin to the operating point on 
the appropriate characteristic curve, i.e. the quotient of the appropriate electri- 
cal quantities at the operating point. 


The lower-case variant of a subscript shall be used for the designation of small-signal 
values. 


Examples: Dee = small-signal value of the short-circuit forward 
current transfer ratio in common-emitter confi- 
guration 


small-signal value of the external impedance 


Z =R +jX 
e GC e 


Note: If more than one subscript is used, subscripts for which both styles exist shall 
either be all upper-case or all lower-case 


h 


Examples: eR Yer’? 
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Subscripts for four-pole matrix parameters 


The first letter subscript (or double numeric subscript) indicates input, output, forward 
transfer or reverse transfer 
Examples: ni (or h,_) 
11 
* (or hi...) 
De 
1° (or hoy 
he (or hy 9) 


A further subscript is a for oe identification of the circuit configuration. When no 
confusion is possible, this further subscript may be omitted. 


Examples: hee (or Rote) hop (or No ip) 


Distinction between real and imaginary parts 
If it is necessary to distinguish between real and imaginary parts of electrical parame- 
ters, no additional subscripts should be used. If basic symbols for the real and imagina- 
ry parts exist, these may be used. 
Examples: Z = R, + jx, 
=g. +jb 
Yfe Efe J fe 


If such symbols do not exist or if they are not suitable, the following notation shall be 
used: 

Examples: Re (h, ) etc. for the real part of he 
Im (h. ») etc. for the imaginary part of hey 
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TRANSISTOR SAFE OPERATING AREA 


If a power transistor is to give reliable service, four operating limits must be observed: 


— Maximum collector current. 

— Maximum collector-emitter voltage. 
— Maximum power dissipation, 

— Second breakdown limit. 


These limits are all specified in the data sheets; the purpose here is to enable designers to make the 
best use of that information. 


Collector current 


Maximum collector current |¢yyax is specified in the data sheets for d.c. operation. For pulsed 
operation a higher collector current ICm gx is permitted, for a defined maximum pulse length (usually 
10 ms) and duty factor (usually 0,01). 


For power switching transistors | ceaz is given; this is the value at which switching times and saturation 
voltage is measured, 


Collector-emitter voltage 


Maximum collector-emitter voltage VcEg is also specified in the data sheets, but no extension is 
allowed for pulsed operation. In the case of power transistors specifically designed for switching 
inductive loads some extension may be allowed, but then only under specified conditions of collector 
current, base-emitter voltage and emitter-base resistance as stated in the relevant data sheets. 


Power dissipation 


Maximum power dissipation Ptot max is specified in the data sheets for a given mounting base 
temperature. This is usually 25 °C but may be any, much higher temperature. Prot max applies up to 
the stated temperature; above it derating must be applied. A power derating curve of the form shown 
in Fig. la and 1b given in the data sheets. With it, maximum allowable power dissipation can be 
calculated for any mounting base temperature up to Tj max. 


: = Reaaet? 7277038 
ee ee ee 150 
Maximum permissible dissipation 
versus mounting base temperature 
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Total power dissipation is given by 


Prot = I!cVce + IBVBE- 


The second term can usually be disregarded, so Prot ~ ICVCE- 
Heat dissipated in the collector-base junction flows through the thermal resistance between junction 
and mounting base, see Fig. 2. 


mounting 


junction 
} 7 base 


Rthj-mb smb 
Prot —_ o————____}—_ —_—_ Prot 


289359 


Fig. 2 Heat transport in a transistor with power 
dissipation constant with respect to time. 


By analogy with Ohm's law, under steady-state conditions (d.c. operation) 


_ Tj —Tmb 


Prot = = ———— 
Rth j-mb 


There are two limitations to Prot 
— When Tmb = Tmb spec 
5 FY ATj-mb max 
tot tgs p : 
i Rth j-mb 


— when Tmb > Tmb spec 


ATj max — Tmb 


Prot max = Rth | —- 


Tmb spec being the mounting base temperature at which Prot max |S specified in the data sheets, and 


ATj-mb max = Tj max — Tmb spec: 


For pulsed operation a higher dissipation is permitted, because 

— the junction does not have time to heat up fully unless the pulses are so long as to approximate 
steady-state conditions; 

— the junction has time wholly or partly to cool down in the interval between pulses, except with very 
high duty factors. 
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Analogy with 
“—e qj —Tmb 

a Rth j-mb 
yields 

p a yj £ Tmb 

totM 2th j-mb 
where Prot yy is the total pulsed power and Z+p j-mb is the thermal impedance between junction and 
mounting base. Thermal impedance depends on pulse duration ty and duty factor 4 = ty/T. T is the 


pulse period. A family of curves of thermal impedance against pulse duration with duty factor as 
parameter is shown in Fig. 3. 


72790194 









Reh j-mb 


Zi, (6=1) curve 
made to coincide 
with Rth j-mb curve 


pulse duration ty 


Fig. 3 A typical family of 2th j-mb curves for a power transistor. = 


Similar limitations apply as in the steady-state conditions: 
(a) When Timb S Tmb spec 


Tj-mb max 
2th j-mb 
(b) When Tmb > Tmb spec 


Prot M max = 


Tj max — Tmb 


Prot M max = Za pal 
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In essence, at or below Tinh spec there is a fixed limit to Prot yj max: above Tmp spec: Ptot M max 
declines linearly with increasing mounting base temperature. As illustrated in Fig. 4, for non-rectanquiar 
pulses 


t 
Prot max * tp = | P+ tp. 
ty 


?Z89360 
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Second breakdown 


In the forward-biased condition second breakdown is thermally triggered. Consider the chip as a large 
number of elemental transistors in parallel, some of which will have a lower forward voltage drop than 
others. Current will tend to concentrate in these, raising their temperature and further lowering their 
forward voltage drop. Current will concentrate still further, leading to local overheating and eventually 
to a short circuit between emitter and collector. This effect is independent of mounting base tempera- 
ture, which is related to the average junction temperature. Under reverse-bias conditions, when Vice is 
greater than VCEQmax. the chance of second breakdown is always present. This is a particular hazard 
in timebase and converter applications. 
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THE SOAR BOUNDARIES 


The four limits just described form the boundaries of the Safe Operating ARea. Figure 5 shows a 
SOAR plotted on a log-log grid. The right-hand boundary is formed by VcEQmax, which extends up 
to a collector current of about 300 mA. Above this point, as I¢ is increased VcE must be reduced to 
prevent second breakdown. 


The upper boundary is formed by I¢pmax, which extends to where the product of Ic¢max and VcE 
equals the maximum allowable power dissipation. From this point |¢ must be reduced with increasing 
Vce_e, thus forming the maximum power dissipation boundary. The maximum power dissipation 
boundary normally intersects the second breakdown boundary at some point. However, for values of 
Tmb above Tmbspec: Prot max Must be reduced (as shown by the broken line in Fig. 5), so that the 
boundary of maximum power dissipation intersects the second breakdown boundary at a lower point. 
With high values of T,,p, the second breakdown boundary may be excluded altogether. 
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Fig. 5 A typical SOAR graph with boundaries named. 


EXTENDING THE SOAR FOR SINGLE-SHOT AND REPETITIVE PULSED OPERATION 

The data sheets for power transistors contain, apart from the d.c. SOAR, a set of curves that apply 
under specific pulse conditions. These will cover some 90% of applications. In addition to these, 
SOAR curves can be constructed by the circuit designer for specific operating conditions. The various 
extensions dealt with below will refer to Figs 5, 6 and 8. 
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lcm max 


The extent to which the |¢ boundary can be extended for pulse operation depends on pulse duration 
and duty factor, the limit being Icpqmax, which applies at a duty factor of 0,01 and a pulse length of 
20 ms or less. Together the I[ciimax 29d VcEQmax boundaries form a rectangle that in no circumstance 
should be exceeded. Moreover, the rectangle may be reduced by further restrictions imposed by power 
dissipation and second breakdown. The example shown in Fig. 6 is for an Icpjgmay of 12 A anda 


T2B9357 














Fig. 6 Maximum collector current and 
collector-emitter voltage boundaries. 
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Prot max 
The Prot max boundary given in the data sheet usually applies to: 


Tmb = 25 °C; 6 = 0,01 and t, = a range of values, say, 5 us to 2 ms. 
For any deviations from these values a new Prot max boundary must be constructed. 
From 

_ Tj max ~ mb 
Prot Mmax = = eres 
th j-mb 

Tj max |S stated in the data sheets; 2+ j-mb can be read from the curve, similar to Fig. 3, also given in 
the data sheets. Thus Protifmax can be calculated and an appropriate boundary can be drawn in the 
SOAR curve bahitie to the A: max line. An example will illustrate this. Assume: 


From Fig. 7, ztiee 0,42 K/W for iy given hie of ty ig b. 
150 — 80 : 


Prot Mmax = ~ 942 = 166 W. 


Thus from an arbitary point (say 8,3 A, 20 V) we can draw a line parallel to the Prot max line 
(see Fig. 6). 








man = wee PTT Lt 
Ser tT eer TH 


a 
— 





Fig. # Transient thermal impedance for example. 
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Second breakdown 
The permissible extension to the second breakdown boundary is found with the aid of two multi- 
plying factors: 
My — the voltage multiplying factor 
M,; —the current multiplying factors.* 
Curves for these two factors are given in the data sheets as functions of pulse time with duty factor as 


parameter (see Fig. 8). 
TZBOS7 








(ms) 40 


Teenge 


(b) 


Fig. 8 Second breakdown multiplying factors as a function 
of pulse time, with duty factor as a parameter. 


My is used to calculate the point on the VcEOQmay boundary at which voltage derating must 


commence as Ic increases. Similarly, My is used to calculate the point on the |engmsx line at which 
current derating must commence as Ve increases. 


* Prior to 1973 My was known as Mgpij) and Mj as Mgpyy). 
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Referring to Fig. 9,.where B is the point on the VcEOQmax boundary at which voltage derating 
commences, B’ can be calculated by: 

Ice") =!) x Mi. 
Similarly for Ic; although here A, the point on the fc curve at which current derating commences, is 
first determined by extending the second breakdown boundary to where the two would intersect if 


Prot max did not intervene. A’ is then given by 


Vca(s') = Vce(a) x My. 


7289356 
SE A 
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Fig. 9 Construction of the pulse operating area. 


An example is worked in Fig. 9 for ty = 0,2 ms and 4 = 0,1, 
From Fig. 8, My = 2,4 and M, = 7,3: 


Ie(p’) = 0,22x 7,3=1,6A 
VcE(A‘) = 13x 2,4=31V 


These two points are then joined as in Fig. 9. 
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PULSE TRAINS AND COMPOSITE WAVEFORMS 


Straightforward techniques exist for calculating the thermal and second breakdown effects of pulse 
trains and composite waveforms. 


Thermal considerations 


Consider a train of rectangular pulses as shown in Fig. 10. The junction will alternately heat and partly 
cool until a steady-state temperature is reached as shown in the lower part of Fig. 10. To approximate 
the final junction temperature only the effects of the first two or three pulses need be considered. 


pe eestor NIIP 





- 
I 
_ heat 
| 
- | ] 
| | i | 1AT.2 
| | | | | 
|| j dew de 0 Tied 2 
nA 
‘ | -7-1\™ ss 
72 len ee ee 
e|| ; | | | nzsao3s.2 


Fig. 10 The heating effect of three equidistant, equal-magnitude 
pulses. Tj av is the average junction temperature. P = 100 W, 
tp = 100 us; T = 1 ms and 6 = 0,1. 
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Referring to Fig. 10, where P = 100 W, tp = 100 us and 6 = 0,1, the first pulse causes the junction to 
heat up; at the end of the pulse it starts to cool down until the second pulse recommences the heating 
cycle. We can replace the first pulse with a continuous heating pulse at tg and a continuous cooling 
pulse starting at ty. Similarly for the second pulse, we can superimpose a continuous heating pulse 
starting at tp and a cooling pulse starting at tg. Repeating this for successive pulses allows us to 
calculate T; for any point in the pulse train. For instance, the cumulative change in junction tempera- 
ture at the end of the third pulse is:. 


AT; = AThi — ATe1 + ATR? — ATe9 + ATH, 


where the subscripts h and c refer to heating and cooling respectively. With times taken from Fig. 10, 
Th1 = P2th(2,1 ms} 
Th2 = P2th(1,1 ms) 
Th3 = Péth(0,1 ms) 
and 
Tet = ~P2th(2,0 ms) 


Tce2 = —P2th(1,0 ms) 
Taking values for 2, from Fig. 11 we get 


AT; = 100(0,58 — 0,56 + 9,51 — 0,51 + 0,32) = 34 °C. 


72730394 
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Fig. 11 Curve of Zth j-mb = fit). 
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The same procedure can be used for long or continuous pulse trains, but calculating for a large number 
of pulses is very tedious. A sufficiently close approximation can be made by calculating for two pulses, 
assuming that the first is preceded by a continuous pulse of P,,, as shown in Fig. 12. By this method 


AT) = 4Th av + 4Th1 — ATe1 + ATH. 
The calculations are then made as before. To remove any doubt as to the closeness of the approxima- 
tion the effect of a third pulse can be calculated. Composite waveforms can be treated similarly: divide 


the composite waveform into equivalent rectangular pulses and calculate the junction temperature 
accordingly. 


power 


AT; 





actual Tj 
ripple 


|e | oy 


ee 


Tamb . 
| ) | 72 56038.2 


Fig. 12. 


Figure 13 shows the current, voltage and power waveforms of the out put transistor in a television 
receiver vertical output stage. P;,; has been divided into four equivalent rectangular parts having the 
same peak values and energy content as the original waveform. 
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Prot av = P4541 + P2d2 + P363 + Pada 
= (16 x 0,003) + (13 x 0,11) + 
+ (5,2 x 0,66) + (40 x 0,0007) 
= 4,936 W. 
Assuming that the Rth j-mb for the transistor is 2,5 K/W, the average rise in mounting base temperature 
will be about 12,5 °C, 
Vee Ic 
{¥) (mA) 
500 250 
400 200 
300 150 
200 100 
100 50 


0.6 CUO - 
scan = lal at aaa 


Poeak =40W xs 
tp=13ps LA 


\ 
: 
' 


20 


Ppeak =5,2W — 
tp=11,)ms 1. 


4 


10 





+T mb — 7 2790ue 


Fig. 13 Power waveforms showing their division into rectangular pulses 
and the junction temperature variations which they cause. 
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Using the same method as for pulse trains, peak temperatures at the end of each pulse can be calcul- 


ated by 


Tj-mb(t1) = Pav® th j-mb — Pav4th j-mb(16,1 ms) + P14th(16,1 ms)- 


For the temperature at the end of the second pulse (ty) two further terms are added: 


—P42Z+h(16,04 ms) + P22th(16,04 ms)- 


For tg yet another two terms: 


—P32th(13,02 ms) + P42th(13,03 ms): 


For each successive pulse a negative term (end of the previous pulse) and a positive term (start of the 
succeeding pulse) are added. Calculated temperatures are shown in Table 1: note that the highest 
temperature is reached at the end of pulse 2 (tz). Even assuming a T,yp of 100 °C, Tj will remain 
within the Tj max Of 150 °C specified for this transistor. 


TABLE 1 Calculated temperatures for the power waveform of Fig. 13. 


time ty t9 Ls | t4 
8,54 11,34 18,1 12,76 


ATj-mb 


EXAMPLE OF A SOAR CALCULATION 


t5 tg(ts) 
123 8,54 oC 


To illustrate the foregoing we will take the example of a BU426A transistor operating in a 200 W 


switched-mode power supply (SMPS). 


Waveforms of collector current, collector-emitter voltage and power dissipation are shown in Figs 14, 
15 and 16. These are translated into an equivalent rectangular pulse train in Fig. 17. This will enable 
us to calculate peak junction temperature at any instant. 


7289362 


5 us/ div. 





Fig. 14 Collector-current and collector-emitter 
voltage waveforms of a BU426A transistor ina 
200 W SMPS. 
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VCE 
200 V/ div. 


ic 
1A/ div. 
Ic 
| 1A/div. 


Soooe daeee “CE 


200 V/ div. 
0,2 us/div. 


Fig. 15 Waveforms during turn-on and turn-off 
(lower part). 





SOAR 


The duration of this equivalent pulse train is then given by 


Prot av * T 


fn ene = tp 
ty Phy and 6° a 

First, from Fig. 17, heating and cooling pulses are plotted as in Fig. 18. Parameters are then tabulated 
as shown: 
Pturn-on = 66W Psat == =910 W Prurn-off = 56 W 
tp on = 0,8 us tosat = 2-2 us ty off = 0,6 us 
Son = 0,04 Ssat = 0,11 Soff = 0,03 

turn-on saturation turn-off 7Z89363 


power loss power loss power loss 


4 JZ 


* 
x von 
Soa Ae 





Fig. 16 Power loss and resultant rectangular 
power pulses. 















Fig. 17. 
I ] 
| 1 : heating 
| | ] 
tp3 (14,4us) 
to1 (18,8us) 
Psat tp2 (16,6us) 
Pturn-off tp4 (13,8us) 
cooling Fig. 18. 
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From Fig. 17 we can determine 5p and t, for each condition and from the BU426 data sheets the 
relevant Zp. 





From 
ATj = ATHi — ATe1 + ATH? — ATe9 + ATH 


ATj-mb(ta) = (Psat * 2th(tp1)) — (Psat * Zth(tp2)) + 
+ (Pturn-off * Zth(tp3)) — (Pturn-off * Zth(tp4)) + (Pon x Zth(tp on)) 
AT}-mb(ta) = 10(1,05 — 0,95) + 56(0,83 — 0,8) + 66(0,06) = 7,76 K. 


Thus, at time ts the peak junction temperature is 7,76 K higher than the average mounting base 
temperature. The ATj.mp arising from the other power pulses can be calculated in the same way. 


Average mounting base temperature depends on the size of the heatsink, ambient temperature 
(T,) and average dissipation. 


From 
Protav = P1641 + P2629 + P3d3 + P4dg 
Prot av = Son X Pon + Scat * Psat + Sturn-off * Poff 
= 0,04 x 66+0,11 x 10+ 0,03 x 56 = 5,4 W. 


Assuming a maximum mounting base temperature of 100 °C and an ambient temperature of 60 °C 
the thermal resistance of the heatsink required will be 


If this is the case, the peak junction temperature at the end of the turn-on power pulse will be 
107,76 °C, which is well within the maximum allowable junction temperature of 150 °C. 

The pulse SOAR can be calculated using M;, My and 2;,, factors as described earlier. The turn-on, 
saturation and turn-off power pulses should be combined into a single pulse of amplitude P’ equal 
to the highest amplitude power pulse (here, Pop) and duration tp. 


Prot ay = P’= 66 W. 


= 9,4 =f 
6 56 0,082. 


ty + §'T = 1,64 ps. 


From the BU426A data, for this power pulse 2+ j-mb = 0,10 K/W; My © 12; My ~ 7,5; 
VCE(A’) = 7,5 x 12 = 90 V; Ie¢g’y = 12 x 40 = 480 mA. 
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—Tmb _ 150 — 100 
P ee 
tot max ~ je j- -mb 0,1 500 W 


The relevant pulse SOAR is shown in Fig. 19, in which the operating point for the full cycle has also 
been plotted. It can be seen that it remains well within the SOAR. 


_ 7289358 
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Fig. 19 Safe Operating ARea BU426A at T,,p = 73 OC. 
| Region of permissible d.c. operation. 
Il Permissible extension for repetitive pulse operation. 


lll Area of permissible operation during turn-on in single-transistor converters, provided 
Ree = 100 £2 and ty = 0,6 ps. 


IV Repetitive pulse operation in this region is permissible, provided Vge <0 and tp < 2 ms. 


(2) Second-breakdown limits (independent of temperature). 
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S-PARAMETERS 





SCATTERING PARAMETERS 


In distinction to the conventional h. y and z-paramecters, s-parameters relate to travel - 
ling wave conditions. The figure below shows a two-port network with the incident and 
reflected waves aj, by, a9 and bo. 





Lal 
TEGS6G6 4 











Vit Via 

ay = = Ag = - 
V Lo VZo ly 
Vri Vr2 

by = r by = 


Z,, = characteristic impedance of the transmission line in which the two-port is 
connected, 


Vii = incident voltage 


Vr = reflected (generated) voltage 


The four-pole equations for s-parameters are: 
by = 87174] + 81949 


bg = $914) + 59989 


Using the subscripts i for 11, r for 12, f for 21 and o for 22, it follows that 











by 

aad ne ay = 0 
by 

Sy ~ 12" ay] a, =0 
Bs 

9g" S21" ay a9 = 0 
bo 

$0 = 822" Fla) =0 





ly The squares of these quantities have the dimension of power. 
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S-PARAMETERS 


The s-parameters can be named and expressed as follows: 


s; = s,, = Input retlection coefficient, 
The complex ratio of the reflected wave and the incident wave at the input, 
under the conditions Z, = Z, and Veo = 0. 


5 S;9 ~ Reverse transmission coefficient, 
The complex ratio of the generated wave at the input and the incident wave at 
the output, under the conditions Z, = Z, and V,7 = 0. 


Sp = 89, * Forward transmission coefficient. 
The complex ratio of the generated wave at the output and the incident wave at 
the input, under the conditions Z| = Ze and Wes = () 

S 4 = S99 = Output reflection coefficient. 4 


The complex ratio of the reflected wave and the incident wave at the output, 
under the conditions 4, = Ze and Vey =U. 
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TO-92 VARIANT TRANSISTORS ON TAPE 


MECHANICAL DATA Dimensions in mm 


Fig. 1 (see table below). ae eee 





Item eT Ae i Remarks 
Body width 

Body height 

Body thickness 





Pitch of component 
Feed hole pitch | Po 
| 





| 
ey 

| my | + 0,3 | Cumulative pitch error 

| | : 1,0 mm/20 pitch 

| | | 
Feed hole centre to | | | To be measured at 
component centre ra | ae | | Zo bottom of.clinch 
Distance between outer leads F | | 5,08 | bes 

| F 
Component alignment any it eet | At top of body 
Tape width | W | | 18 | +05 | 
Hold-down tape width Wo | | 6 +02 | 
Hole position |g a | 9 eae | 
| | | | wnt 
Hold-down tape position | Wo | O05 = a Ba 
Lead wire clinch height | Ho | 16 | +05 
Component height | Hy | 32,25 | 
Length of snipped leads ee | | | 11,0 | | 
Feed hole diameter Do i 4 | |+ 0,2 
Total tape thickness | t | 12] | ty 0,3-0,6 
: | + 0,4 

Lead-to-lead distance | Fa, Fo 2 54 01 
Clinch height | Ho 3 | 
Pull-out force (p) 6N | 
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PACKING 


The transistors are supplied on tape in boxes (ammopack) or on reels. The number per reel is 1600 and 
per ammobox 2000*. 


round or octogonal 





detail A 


7286091.1A 


direction of unreeling ——» 


Fig. 2 Dimensions (in mm) of reel and box. 


DROPOUTS 


A maximum of 0,5% of the specified number of transistors in each packing may be missing. Up to 3 
consecutive components may be missing crevided the gap is followed by 6 consecutive components. 
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TOQ-92 variant transistors on tape 





TAPE SPLICING 
Slice the carrier tape on the back and/or front so that the feed hole pitch (P,) is maintained (see Fig. 3). 


OGD | OO 


ong gg 


TFERBOOD 


ne 





———— 30min 


Fig. 3 Jointing tape with splicing patch. 


* The ammobox has 80 layers of 25 transistors each. 
Each layer contains 25 transistors plus one empty position in order to fold the layer correctly. 


The ammobox is accessible from both sides enabling the user to choose between “normal” 
(see Fig. 2) and “reverse” tape. 
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SOLDERING 
RECOMMENDATIONS 





SOLDERING RECOMMENDATIONS SOT-37 


Transistors in SOT-37 envelopes may be mounted with leads flat (Fig. 1) or bent (Figs 2 and 3). 
Different soldering procedures apply for the different styles of mounting. 


FLAT-LEAD MOUNTING 





Soldering by hand printed 
Avoid putting any force on the leads during circuit 
or just after soldering. board 
solder the three leads one at a time, not Fig. 1 

simultaneously. Solder temperature max. 300°C 
Proceed from one lead to the adjacent lead, not Soldering time max. as 

to the opposite one. Solder-to-case distance min. 2mm 


BENT-LEAD MOUNTING 


If leads are bent, all three may be soldered 
simultaneously if desired. 





Fig. 2 
Solder temperature max. . 300 °C 
Soldering time max. 10s 
DIP OR WAVE SOLDERING 
When dip or wave soldering, the maximum 
allowable temperature of the solder is 260 °C. _ 
This temperature must not be in contact with A printed 
the joint for more than 5 seconds, The total 1 4 i +— circuit 
contact time of successive solder waves must ear board 
not exceed 5 seconds. The device may be ie 
mounted up to the lead projections, but the Fig. 3 
temperature of the body must not exceed the Solder temperature max. 260°C 
specified storage maximum. Saldering time max. 5S 
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TRANSISTOR DATA 


BC107 to 109 





ec 
AF. SILICON PLANAR EPITAXIAL TRANSISTORS ie 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case. 


The BC107 is primarily intended for use in driver stages of audio amplifiers and in signal processing 
circuits of television receivers. 


The BC 108 is suitable for multitude of low-voltage applications e.g. driver stages or audio preamplifiers 
and in signal processing circuits of television receivers. 


The BC109 is primarily intended for low-noise input stages in tape recorders, hi-fi amplifiers and other 
audio-frequency equipment. 


QUICK REFERENCE DATA 


mre ee SSI EEE EEO OOOO TOU 


. BC107 | BC108 | BC109 


Collector-emitter voltage (Vee = 0) VecesS max. 50 30 30 6V 

1 
Collector-emitter voltage (open base) VCEQ max. 45 20 | 20 V 
Collector current (peak value) lcm max. 200 200 200 mA 


Total power dissipation 


up to Tamb = 25 OC Pest max. 300 300 | 300 mW 
Junction temperature Tj max. 175 175 | 175 
gr a ae incase oe sha : > 125 | 125 | 240 

Cr Ss RCE ear | ne fe < 500 900 900 


= 


Transition frequency at f = 35 MHz 
Ic =10mA; Vce=5V fT typ. 300 


Noise figure at Rg = 2 kQ 


300 300 MHz 


Ic = 200 pA; Vee =5 V - 7 14 
f = 30 Hz to 15 kHz F — - ” 40 os 
f= 1kHz; B = 200 Hz F typ. 2 2 1,2 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 
Collector connected 
to case 


i 0,51 
48 amax 
max 

, 





| l 
lo Dye i . 
— 7 fe we - + 
Bt 12,7 min 
TL69L20,1 





Accessories: 56246 (distance disc). 
© Products approved to CECC 50002-076/078, available on request. 
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BC107 to 109 





RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages BC1O7 | BC 108 | BC 109 
Collector -base voltage (open emitter) VcBO max. 50 30 | 30 =V 
Collector-emitter voltage (Vip = 0) VCES” “max. 50 30 30° ¥ 
Collector-emitter voltage (open base) VCEOQO max. 45 20 20 V 
Emitter -base voltage (open collector) Vepo max. 61 5 ao 
Currents 

Collector current (d.c.) le max. 100 mA 
Collector current (peak value) ICM max. 200 mA 
Emitter current (peak value) ’ -IrRM max. 200 mA 
Base current (peak value) IBM max. 200 mA 


Power dissipation 


Total power dissipation up to T, 4 = 25 °C Prot max. 300 mW 
Temperatures 

Storage temperature T ste -69 to+175 °C 
Junction temperature T; max. hee ie 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 0.5 °C/mW 
From junction to case Rthj-c = 0.2 %C/mW 
CHARACTERISTICS Tj = 25 °C unless otherwise specified 


Collector cut-off current 


Ip = 0; Vcp = 20 V; Tj = 150 ad Icpo < 1S WA 


Base-emitter voltage !) 


Ic = 2mA; Vcp=z5V VBE tyP- o20 mV 


950 to 7OO mV 
V VBE < 770 mV 


| 


Ic = 10 mA; Vcr = 


1) VBE decreases by about 2 mV/°C with increasing temperature. 
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BC107 to 109 


CHARACTERISTICS (continued) 


Saturation voltages Ly 
[= Ip =0.5 mA 


Ic = 100 mA; [p= SmA 


Knee voltage 


Ic = 10 mA; Ip = value for which 
[oo=sl Lan. at VG = T ¥ 





VCEsat 


VBEsat 


VCEsat 


VBEsat 


VCEK 





Collector capacitance at f = 1 MHz 
Ip = Ie = 0; Vop = 10 V 
Emitter capacitance at f = 1 MHz 


Ic =I¢ = 0; Vp =0.5V 


Transition frequency at f = 35 MHz 


i= 10 mAS Veep = 3 ¥ 


omall signal current gain at f = 1 kHz 


Ic = 2 mA; VCE 79 V 
Noise figure at Rg = 2 kf 


Iq = 200 HA; Vor FSV 
f = 30 Hz to 15 kHz 


F = 1 kHz; B = 200 Hz 


Vee (V) 


TOGO? 


typ. 90 
250 

typ. 700 
yp. 200 

600 

typ. 900 
typ. 300 
< 600 
typ. 2.5 
< 4.5 
typ. Ny 
typ. 300 





T; = 25 °C unless otherwise specified 


mV 
mV 


mV 
mV 
mV 
mV 


mV 
mV 


MHz 


BC107 |BC108 |BC109 


hfe 


!) Versat decreases by about 1.7 mV/°C with increasing temperature. 
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CHARACTERISTICS (continued) 


D.C. current gain 
Ic = LOMA; Vop zr5 V 


Ic = 2 mA; VocE=5 V 


h parameters at f = 1 kHz (common emitter) 


Ic = 2 mA; Vcgp=5 V 


Input impedance 
Reverse voltage transfer ratio 


Small signal current gain 


Output admittance 





ice 25 [°C unless otherwise specified 


BC107A | BC107B |BC108C 
BC108A | BC1O8B | BC109C 
BC109B 


NRE 


hpR 
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A.F. silicon planar epitaxial transistors BC107 to109 





Typical behaviour of collector current versus collector-emitter voltage 
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A.F. silicon planar epitaxial transistors BCI 07 to109 
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BC107 to109 
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A.F. silicon planar eprtaxial transistors BC107 to 109 





Typical behaviour of base current 
versus junction temperature 
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BC107 to109 
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A.F. silicon planar epitaxial transistors 





| BC107 to109 


7209767 


Curves of constant noise figure 
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BC107 to109 
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A.F. silicon planar epitaxial transistors BC107 to109 
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BC107 to 109 
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BC140 
BC141 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-39 metal envelopes for general purpose applications. P-N-P complements are 


BC160 and BC161. 


QUICK REFERENCE DATA 


IM NR SS SS 


BC140 BC141 
4 60 WV 


Collector-emitter voltage (open base) 


Collector current (d.c.) 


Total power dissipation 
UP tO Trace = 45 OC 


Junction temperature 


Transition frequency at f = 20 MHz 
le = 50 mA; Vee = 10 V 


D.C, current gain 

lc = 100 MA; Vee =z1V 
MECHANICAL DATA 
Fig. 1 TO-39, 


Collector connected to case, 





VcEQ max 
Ic max 
Prot max 
Tj max 
fr > 


NEE < 


BC140-6 
BC141-6 


40 
100 


1 


3,7 


MHz 


BC140-10 | BC140-16 
BC141-10 | BC141-16 


maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 





Dimensions in mm 


FES9R224 


september 1984 
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BC140 
BC141 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BC140 | BC141 





Collector-base voltage (open emitter) VcBo max, 

Collector-emitter voltage (open base) VCEO max, 

Emitter-base voltage (open collector) VEBO max, 

Collector current (d.c.) le max. 

Base current (d.c.) Ip max. 

Total power dissipation up to Teace = 45 OC Prot max. 3,7 W 
Storage temperature T stg —65 to + 175 oC 
Junction temperature Tj max, 175 9C 


—* THERMAL RESISTANCE 


From junction to ambient in free air Rthj-a = 200 K/W 
From junction to case Rth j-c = 35 K/W 
CHARACTERISTICS 


Tamb = 25 °C unless otherwise specified 
Collector cut-off current 


sf typ. 10 A 
VBE = 0; Vce = 60 V ICES — 100 oan 
VBE =0;VcE=60V;Tamb= 150°C —Icgs a ah a 
Base-emitter voltage 
typ. 1,2 V 
lc=1A;Voe=1V VBE = es + 
Saturation voltage 
= ene 0,6 V 
Ic =1A; ig = 100 mA Vest 2° mp ¥ 
Transition frequency at f = 20 MHz = 
Ic = 50 mA; Vee = 10 V fr > 50 MHz 
Collector capacitance at f = 1 MHz 
Emitter capacitance at f = 1 MHz 
Ic =1.=0; Veg = 0,5 V Ce < 80 pF 


D.C. current gain 





Ic = 100nA;Vee=1V hee 
Ic = 100 MA; Vee =1V hFE 
lc=1A;Vce=1V hFE 
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Silicon planar epitaxial transistors | BC140 








BC141 
CHARACTERISTICS (continued) 
Tamb = 25 °C 
Switching times 
Icon = 100 mA; IBon = —!Boff = 2 MA 

Turn-on time ton <= 250 ns 
Turn-off time toff << 850 ns 

‘a se id 

Fig. 2 Test circuit. 

Pulse generator: Oscilloscope: 
Pulse duration tp = 10 us Rise time tp = 15ns 
Rise time tr = 15ns Input impedance 2; > 100 k&2 
Fall time te = 15ns 


bO &2 


Source impedance Zs 
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BC146 





SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a miniature plastic envelope designed for hearing aids, watches, etc. 
P-N-P complement is BC200. 


QUICK REFERENCE DATA 


wen 


Collector-base voltage (open emitter) VcBO max. 
Collector-emitter voltage (open base) VCEQ max. 








Collector current (d.c.) Ie max. | 
Total power dissipation 
UP to Tamp = 45 °C Prot max. 50 | 50 50 mW 
Junction temperature Tj max. 125 125 125 oC 
D.C. current gain 
= 80 140 230 
Oa ee A FE ie 200 350 550 
Noise figure at Rg = 2 kal | 
lc = 0,2 MA; Vee =5V | 
bate vel . typ. 2 1,5 Z dB 
Bandwidth: f = 30 Hz to 15 kHz F 2 _ 4.0 | —~ dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-42. 
aoe 0,29 
— 
oe 





x 1 apc a—— 12min ——e! 7266605.1 





Coloured dot on top of the black body indicates hee group: 
BC146/01_ red 
BC146/02 yellow 
BC146/03 green 





October 1979 71 





BCI46 


MOUNTING INSTRUCTIONS 


To avoid damaging the transistor, welded or soldered connections must be made 
with care; the following general recommendations should be observed: 


1. The temperature of the soldering iron must be less than 250 °C and the soldering 
time less than 3 seconds at a lead length of not less than 1,5 mm. 

2. To keep the heat capacity low, the smallest possible amount of solder should be 
used, 

3. If the plastic capsule of the transistor makes contact with any other structure, 
care must be taken that its temperature never exceeds 125 °C. 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 

Collector -base voltage (open emitter) Li VCBO max, 20 V 
Collector -emitter voltage (open base) VCEO max. 20 V 
Emitter -base voltage (open collector) VERO max, 4 V 
Currents 

Collector current (d.c. ) Ic max. 50 maA 
Collector current (peak value) Icom max. 50 mA 


Power dissipation 


Total power dissipation up to Tamph = 45 °C Pree max. 50 mW 


Temperature 


Storage temperature Tste -65to+125 
Junction temperature Tj max. 125- oC 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 1,6 °C /mW 
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CHARACTERISTICS Tj = 25 °C unless otherwise specified 


Base-emitter volta ge 
Ic = 0,2 mA; Voz =0,5 V VRE typ. 70 mv¥ 
Ic = 2mA;Vop= 1V VBE typ. 630 mV 


Knee voltage 
Ic = 2mdA; Ip = value for which 











Ic = 2,2 mA at Vcp=1V VCEK typ. 180 mV 
Ip 
(mA) 
2.2 
2 
727451 
VcEK 1 Vor (Vv) 
Collector capacitance at f = 1 MHz 
Tg =Ile = 0; Vop =o V Ce typ. 4 pF 
Transition frequency 
Ic = 2mA; Veg =5V ay MHz 
D.C, current gain BC 146 ‘01 
e typ. 115 380 
= 0,2 mA; =0,! | " 
OT Te ee are MFE 80 to 200 | 140 to 350 | 280 to 550 
la =, 2mA; Vor = -1-¥ hrE > 100 280 
Noise figure 
Ir = 0,2 mA; VCR =5 V 
Bandwidth: f = 30 Hz to 15 kHz F Pa. 203 
< - - dB 
h parameters at f = 1 kHz 
In = 0,2 mA; VCE =0,5 V 
Input impedance hie typ. 20 45 kQ 
Reverse voltage transfer ratio hre typ. 15 40 1074 
Small-signal current gain hfe typ. 130 380 
Output admittance Noe typ. 15 35 pA/V 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in TO-39 metal envelopes for general purpose applications, N-P-N complements are 


BC140 and BC141. 


QUICK REFERENCE DATA 


Collector-emitter voltage (open base) 


Collector current (d.c.) 


Total power dissipation 
UP tO Tease = 45 OC 


Junction temperature 


Transition frequency at f = 20 MHz 
—I¢ = 50 mA; —Vce = 10 V 


D.C. current gain 
—l¢ = 100 mA; —VceE=1V 


MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case. 


0,86 
max 








—VcEQ max 
—-I¢ max. 1 A 
Prot max 3,7 Ww 
Tj max 175 oC 
fT > 50 MHz 
BC160-6 | BC160-10 | BC160-16 
BC161-6 | BC161-10 | BC161-16 
> 
MFE eg 
Dimensions in mm 
nab (11; 
Fj max 
8, 
ct Baa 
Bee a 
bugs ae crt eae 


max m in 72593224 


maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 





BC160 
BC161 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BC160 | BC161 





Collector-base voltage (open emitter) —VcRo max, 40 60 V 
Collector-emitter voltage (open base) —-VcEO max. 40 | 60 V 
Emitter-base voltage (open collector) —VERO max. 5 5 V 
Collector current (d.c.) —Ie max. 1 A 
Base current (d.c.) —Ip max. 100 mA 
Total power dissipation up to Teage = 45 OC Prot max. 3,7 W 
Storage temperature T stg —65 to+ 175 °C 
Junction temperature Tj max. 175 oc 


THERMAL RESISTANCE 


From junction to ambient in free air Rthj-a = 200 K/W 
From junction to case Rth j-c = 35 K/W 
CHARACTERISTICS 


Tamb = 25 °C unless otherwise specfied 
Collector cut-off current 


typ. 10 nA 
Vee = 0; -Vce = —VcEOmax —IcES < 100 nA 
VBE = 9; —VcE = —VCEOmax: tvo. 10 OK 
Tamb =.150 °C —IcEs < 100 WA 
Base-emitter voltage 
x : 2 typ. 1,0 V 
—Ic=TA;—VcE=1V —VBE ae 17 V 
Saturation voltage 
» : a typ. 0,6 V 
—Ic =1A;—Ip = 100 mA —VcEsat < 10 om V 
Transition frequency at f = 20 MHz 
—Ie =50mA;—Vcge = 10 V fT > 50 MHz 
Collector capacitance at f= 1 MHz 
le =lg=0;—-Vepg =10V Ce ine 30 pF 
Emitter capacitance at f= 1 MHz 
Ic =1-=0;—Vep =0,5V Co < 160 pF 


BC 160-6 |BC 160-10 | BC160-16 


D.C. current gain 





—l¢ = 100 pA;—Vee=1V hee 
—lce = 100 mA;—Vee=1V hee 
—lc=1A;—-Vce=1V hee 
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Silicon planar epitaxial transistors BC160 


BC161 





CHARACTERISTICS (continued) 
Tamb = 25 °C 
Switching times 

—ICon = 100 MA; —IBon = !Boff =5 MA 
Turn-on time ton <= 500 ns 
Turn-off time toff# < 650 ns 


~) tp = 
i | 


“nv — 





TEGGI29 


Fig. 2 Test circuit. 


Pulse generator: Oscilloscope: 

Pulse duration tp = 10ys Rise time tp = 15ns 
Rise time tp = 15ns Input impedance Zj = 100 k2 
Fall time te = 15s 


Source impedance 50 22 


MN 
wn 
il 
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BCi77 to 179 





A.F. SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in TO-18 metal envelopes with the collector connected to the case. 


The BC177 is a high-voltage type and primarily intended for use in driver stages of audio amplifiers 
and in signal processing circuits of television receivers. 


The BC178 is suitable for a multitude of low-voltage applications e.g. driver stages or audio preampli- 


fiers and in signal processing circuits of television receivers. 


The BC179 is primarily intended for low-noise input stages in tape recorders, hi-fi amplifiers and other 


audio-frequency equipment. 


Moreover, they are intended as complementary types for the BC107, BC108 and BC109. 


QUICK REFERENCE DATA 


a 


Collector-emitter voltage (+ Vpe = 1 V) 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation 
up to Tamb = 25 OC 
Junction temperature 
Smail-signal current gain at Tj = 25 °C 
—Ic =2mA;—Vee = 5 V; f= 1 kHz 
Transition frequency at f = 35 MHz 
—Ilc = 10 mA; —VcE=5V 
Noise figure at Rg = 2 kal 
—le = 200 pA; -—Vce=5V 
f = 30 Hz to 15 kHz 


f= 1 kHz; B = 200 Hz 


a 


MECHANICAL DATA 


Fig. 1 TO-18. 

Collector 116 
connected max 45° i 
to case ” 





Accessories: 56246 (distance disc). 


BC177 








a 


BC178 


30 
25 
200 


300 
175 


10 





ie 
4,0 


40 


MHz 


dB 
dB 
dB 


Dimensions in mm 





T2B9420,1 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134). 


Voltages 


Collector-base voltage (open emitter) 
Collector-emitter voltage Vpp = 1 V) 
Collector -emitter voltage (open base) 


Emitter-base voltage (open collector) 


Currents 
Collector current (d.c.) 
Collector current (peak value) 


Emitter current (peak value) 


Power dissipation 
Total power dissipation up to Tamb = 29 °C 


Tempe ratures 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


CHARACTERISTICS 
Collector cut-off current 
Ip =0 7 MGB = 20 Ve Ty 25.80 
Tj = 150 0C 
Base-emitter voltage !) 
-[c = 2 mA; -VcR= 5 V5T; =25 °C 


BC177|BC178|BC179 





max 100 
max 200 
max. 200 
max. 300 
-65 to +175 

max. 175 
= 0.5 
= 0.2 
typ. 1 
< 100 
< 10 
typ. 650 
600 to 750 


1) -Vpr decreases by about 2 mV/°C with increasing temperature. 
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mA 
mA 
mA 


mW 


oC 
9C 


oCc/mW 
oC/mW 


nA 
nA 
LA 


mV 
mV 


BC177to179 





CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 
Saturation voltages 
= : z typ. 75S mV 
-| = 10 A; =| = 0 be A = “TS 
C ™ B m VCEsat < 300 mv 
-VBEsat typ. 700 mV 
-Ic = 100 mA; -Ilp= SmA -VCEsat typ. 250 mV 
-VBEsat typ. 850 mV 
Knee voltage 
-Ic¢ = 10 mA; -Ip = value for which _y typ. 250 mV 
-Ic= llmAat -VcR=l1V CEK < 600 mv 





-V _ rey 
CEK 1 a MCE (V) 


TEORe 


Collector capacitance at f = 1 MHz 
Ip =Ie = 0; -Vcp = 1l0V Ce typ. 4.0 pF 


Transition frequency at f = 35 MHz 


“Ic = 10 mA; -VcR=5V fT typ. 150 MHz 
Small signal current gain at f = 1 kHz BC177|BC178|BC179 


“Ic = 2mA; -Vcr=5V hfe 


Noise figure at Rg = 2 kf 
“Ic = 200 uA; -VcE=z=5V 


f = 30 Hz to 15 kHz F 





BE &E& 


f = 1 kHz; B= 200 Hz F 
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BC177 to 179 


CHARACTERISTICS (continued) 


D.C. current gain 
—lc=2mA;—-Vce=5V 


Small signal current gain at f = 1 kHz 
—-lc =2mA;—Vce=5V 
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hFE 


Nfe 





BC177A |BC177B 
BC178A |BC178B 
BC179A |BC179B 






typ 140 290 
> 75 240 
a 260 500 


A.F. silicon planar epitaxial transistors 


BC177 to179 


base-emitter voltage v versus || 
collector current : 
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Typical behaviour of collector current versus collector-emitter beta 
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BC177 to179 
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BC177 to179 
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A.F. silicon planar epitaxial 
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BC177 to179 
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A.F. silicon planar epitaxial transistors BC1 77 to 179 


Curves of constant noise figure 
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A.F. silicon planar epitaxial transistors | BC1 77 to 179 
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BC200 





SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a miniature plastic envelope designed for hearing aids, watches, etc. 
N-P-N complement is BC146. 


QUICK REFERENCE DATA 


BC200/01 | BC200/02 | BC200/03 





Collector-base voltage (open emitter) —VcpqQ max. 20 20} 20 V 
Collector-emitter voltage (open base) —VceQ max. 200 20 20 V 
Collector current (d.c.) —I¢c max. 50 50 i 50 mA 
Total power dissipation | 

UP tO Tamb = 45 PC Prot max. 50 50 50 mW 
Junction temperature Tj max. 125 125 125 oC 
D.C. current gain 

“igcaamA—veewosv we 2] | 


Noise figure at Rg = 2 kQ 
—lc =0,2 mA;—-Vce=5V 


. ; 2 | typ. 2 1,5 2 dB 
Bandiwtdh: f = 30 Hz to 15 kHz F < - 40 = dB 





MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-42. 








imate: 19? min ———e! 7266605.1 


_ 





Coloured dot on top of the black body indicates he¢ group: 


BC200/01 red 
BC200/02 yellow 
BC200/03 green 


The flat side is blue to distinguish from BC146. 
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MOUNTING INSTRUCTIONS 


To avoid damaging the transistor, welded or soldered connections must be made with 

care; the following general recommendations should be observed: 

1. The temperature of the soldering iron must be less than 250 °C and the soldering 
time less than 3 seconds at a lead length of not less than 1,5 mm. 

2. To keep the heat capacity low, the smallest possible amount of solder should be used. 

3. If the plastic capsule of the transistor makes contact with any other structure, care 
must be taken that its temperature never exceeds 125 9C, 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 

Collector-base voltage (open emitter) -VcBO max. 20 
Collector-emitter voltage (open base) . -VCEO max. 20 
Emitter-base voltage (open collector) -VEBO max. 5 
Currents 

Collector current (d.c.) -Ic max. 50 mA 
Collector current (peak value) -ICM max. 90 mA 


Power dissipation 
Total power dissipation up to Tamb = 45 °C Prot max. 50 mW 


Tempe ratures 


Storage temperature T stg -65 to +125 OC 


Junction temperature Tj max. 125 oC 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a 8 16 %C/mW 
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CHARACTERISTICS 


Collector cut-off current 


Iz = 0; -Vop = 20 V 
lz = 0} -Vop = 20 V; Tj = 125 °C 


Base-emitter voltage 





“lo =.0,2. mMAs-Voep =0,5.V 
-Ic = 2 mA; -VcRr = 1V 
Knee voltage 


-Ic = 2mA; -Ip = value for which 
=<lo.> 2; 2: may at =Mame= lV 


“VoeK 1 


Collector capacitance at f = 1 MHz 





Dele = 0; =Ven = 2 ¥ 
Transition frequency at f = 100 MHz 
“c= 2mA>-VcR= ‘SV 
D.C. current gain BC200 





=Ic = 0,2 mA; -Vor 0,5 ¥ hep 
-Ic = 2 mA; -VcE = lV hFE 


h parameters at f = 1 kHz 
-Ic = 0,2 mA; -Vck =0,5V 


Input impedance hie 
Reverse voltage transfer ratio hre 
Small-signal current gain hfe 
Output admittance Ese 


Noise figure 
“7 =0,2mA;-VocE= 95; 
Rg = 2k 
Bandwidth: f = 30 Hz to 15 kHz F 


-IcBO 
-lcBO 


-VBE 
-VBE 


~VCEK 





TETIISa 


“Vee (V) 


Tj = 25 °C unless otherwise specified 





50 to 105 


> 


60 





12 

ay 

75 
| 
| 





< 100) nA 
< 1 pA 
typ. 380 mV 
typ. 650 mV 
typ. 200 mV 
typ. 2 pF 
typ.- 90 MHz 
/02 /03 
140 250 
85 to 200/165 to 400 
100 175 
15 20 kg? 
25 40 10-4 
140 250 
18 33) wml 
1,5 2 dB 
4 - dB 
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BC200 
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BC327 
BC327A 
BC328 







SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in plastic TO-92 variant envelopes, primarily intended for use in driver and output 
stages of audio amplifiers. 


The BC327, BC327A, BC328 are complementary to the BC337, BC337A and BC338 respectively. 


QUICK REFERENCE DATA 





BC327 | BC327A |BC328 





Collector-emitter voltage (Vpe = 0) =Vces max. 50 60 30 «6 
Collector-emitter voltage (open base) —-VcEQ max. 45 | 60 25 V 
Collector current (peak value) —lcen max. 1000 mA 
Total power dissipation up to Tamph = 25 OC Prot max. 800 mW 
Junction temperature Tj max, 150 oC 
Transition frequency at f = 35 MHz 

-Ilc = 10mA;—Vce =5V fT typ. 100 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 






-92770906.,2 


diameter within 2,5max | | 
is uncontrolled —! i 
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100 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (Vpe = 0) 


Collector-emitter voltage (open base} 
—lc=10mA 


Emitter-base voltage (open collector) 


Collector current (d.c.) 
Collector current (peak value) 
Emitter current (peak value) 
Base current (d.c.) 

Base current (peak value) 


Total power dissipation at Tamp = 25 OC 
UP to Tambh = 25 OC 


Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to ambient 


—-VcES max. 
—VCEO max. 
—VEBO max. 
—I¢ max. 
—lcM somax. 
lem max. 
—lp max. 
—IBM max. 
Prot max. 
Prot max. 
Tstg 

Tj max. 
Rth j-a 

Rthj-a = 





50 


200 


625 
800 


—65 to +150 
150 


0,2 
0,156 


BC327A | BC328 








mW * 


K/mW 
K/mWw* 


* Transistor mounted on printed circuit board, max, lead length 4 mm, mounting pad for collector 


lead min. 10 mm x 10 mm. 
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Silicon planar epitaxial transistors 





CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current 


le = 0;—Veg=20V;T) = 25°C ~ICBO = 100 nA 
le = 0; -Vcp = 20 V; Tj = 150 °C —IcBo < 5 yA 
Emitter cut-off current 
lc=0;-Vep=5V -lEBO < 10 pA 
Base emitter voltage” 
—Ic = 500 mA; —Vce =1V —VpeE < 12 ¥V 
Saturation voltage 
—lc¢ = 500 mA; —lp = 50 mA —VCEsat <= 700 mv = 
D.C. current gain 
—Ic = 500 mA; -—Vce=1V hee > 40 
—Ic = 100 mA; —Vee=1V; BC327;BC328 - hee 100 to 600 
BC327A hFE 100 to 400 
BC327-16 | 
BC328-16 | hee 100 to 250 
BC327-25 | 
BC328-25 | hee 160 to 400 
BC327-40 | : 
BC328-40 | ie sea ie 
Transition frequency at f = 35 MHz 
—lc =10mA; —Vce =5V tT typ. 100 MHz 
Collector capacitance at f= 1 MHz 
le =l_g=0;—-Vcepg=10V Co typ. 8 pF 
D.C, current gain ratio of matched pairs 
BC327/BC337; BC328/BC338 , 125 
lic] = 100 mA; iVcei =1V hee y/heeg ae 140 


* —.Vpe decreases by about 2 mV/°C with increasing temperature. 
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BC327 
BC327A 
BC328 
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Silicon planar epitaxial transistors 
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Silicon planar epitaxial transistors 





APPLICATION INFORMATION 


2,8 W transformerless audio-frequency amplifier with matched pair BC328/BC338 in complementary 
class-B output stage up to Tamp = 45 OC. 


18kO 


Vo=+Z4V 







(25¥) 


BZX75-C1V4 
stabistor 





TEGOGTLA 





Fig. 9. ; 
Performance at Ve = 24 V; Ry = 2522 
Collector quiescent current of BC338 Ico typ. 1 mA 
Input voltage for Py = 50 mW Vi typ. 8 mV 
Input voltage for P; = 2,8 W Vi typ. 67 mV 
Output power at f = 1 KHz; dep; = 10% PL typ. 2,8 W 
Frequency response (3 dB) 70 to 16 000 Hz 


This amplifier needs no external cooling fin, provided each output transistor is mounted with its leads 
not longer than 3 mm. The collector lead must, in addition, be soldered to a copper area of at least 
10 mm x 10 mm. 
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APPLICATION INFORMATION (continued) 
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BC337 
BC338 





SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 variant envelopes, primarily intended for use in driver and output 
stages of audio amplifiers. 
The BC337, BC337A4, BC338 are complementary to the BC327, BC327A and BC328 respectively. 


QUICK REFERENCE DATA 





BC337 |BC3374) BC338 












Collector-emitter voltage (Vpe = 0) Vces max. 50 300 
Collector-emitter voltage (open base) VCEO max. 45 Zoey 
Collector current (peak value) lcm max, | 1000 mA 
Total power dissipation up to Tamp = 25 °C Prot max. 800 mW 
Junction temperature Tj max. 150 oC 
Transition frequency at f = 35 MHz 

lc = 10mA; Vce=5V fT typ. 100 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


FETOS9 4.2 








diameter within 2,5 max 
is uncontrolled —- 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (Vge = 0) 


Collector-emitter voltage (open base) 
lc = 10mA 


Emitter-base voltage (open collector) 


Collector current (d.c.) 
Collector current (peak value) 
Emitter current (peak value) 
Base current (d.c.) 

Base current (peak value) 


Total power dissipation at Tamp = 25 OC 
up to Tamb = 25 °C 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to ambient 


max. 


max. 


Max. 


max. 
max. 
Max. 
Max. 
Max. 


max, 
max. 


Max. 


BC337 | BC337A | BC338 





1000 
100 
200 


625 
800 


—65 to + 150 
150 


0,2 
0,156 


K/mW 
K/mWw* 


* Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad for collector 


lead min. 10 mm x 10 mm. 
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Silicon planar epitaxial transistors 





CHARACTERISTICS 
Tj = 75 °C unless otherwise specified 
Collector cut-off current 
le = 0; Vog = 20 V; Tj = 25 °C 
le = 0; Vcg = 20 V; Tj = 150 °C 
Emitter cut-off current 
lc=O0;VeRp=r5V 
Base emitter voltage* 
lc = 500 mA; VceE =1V 


Saturation voltage 
lc = 500 mA; Ip = 50 mA 
D.C. current gain 
lc = 500 mA; Vee =1V 
lc = 100 mA; Veg = 1 V; BC337; BC338 
BC337A 
BC337-16 | 
BC338-16 | 
BC337-25 | 
BC338-25 | 
BC337-40 | 
BC338-40 | 
Transition frequency at f = 35 MHz 
Ic =10mA; Vce=5V 
Collector capacitance at f= 1 MHz 
le =le=0; Vep=10V 
D.C. current gain ratio of matched pairs 


BC327/BC337; BC328/BC338 
lic] = 100 mA; |Vcel=1V 


* Vee decreases by about 2 mV/°C with increasing temperature. 


ICBO 
ICBO 


lEBO 
VBE 


VCEsat 


NFE 
DFE 


Ce 


hFe1/hFE2 





<= 100 nA 
< 5 pA 
< 10 vA 
ne 1,2 V 
<= 700 mV 
= 40 
100 to 600 
100 to 400 

100 to 250 

160 to 400 
250 to 600 

typ 200 MHz 
typ. 5 pF 
typ. 1,25 

< 1,40 
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BC337 
BC337A 
BC338 
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Silicon planar epitaxial transistors 
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APPLICATION INFORMATION, see BC327; BC328. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant, intended for low-voltage, high-current I.f. applications. 
BC368/BC369 is the matched complementary pair suitable for class-B audio output stages up to 3 W. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vpe = 0) 
Collector-emitter voltage (open base) 
Collector current (peak value) 

Total power dissipation up to Tamb = 25 OC 
Junction temperature 


D.C. current gain 
lc = 500 mA; VceE =1V 
Transition frequency at f = 35 MHz 
Ilc=10mA; Vce=5V 
MECHANICAL DATA 
Fig. 1 TO-92 variant. 





diameter within 2,5 max | 
is uncontrolled as 





VCES 
VCEO 
ICM 
Prot 


max. 25 V 


max. 20 V 
max, 2 A 
max. 1 W 


max. 150 °C 
85 to 375 


typ. 60 MHz =— 


Dimensions in mm 


72709942 Sa eae 
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BC368 


RATINGS 
Limiting values in accordance with the Absolute Maximum system (IEC 134) 
Collector-emitter voltage (Vee = 0) VcEs max, 25 V 
Collector-emitter voltage (open base) Ve EO max. 20 V 
Emitter-base voltage (open collector) VEBO max. 5 V 
Collector current (d.c.) le max, 1A 
Collector current (peak value) lem max, 2A 
Base current (d.c.) Ip max. 100 mA 
Base current (peak value) lau max. 200 mA 
Total power dissipation 
at Tamb = 25 °C (in free air) Prot max. 0,8 W 
UP to Tamb = 25 °C* Prot max. 1 W 
Storage temperature : Tstg —65 to + 150 °C 
Junction temperature Tj max, 150 °C 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 156 °C/W 
From junction to ambient* Rth j-a = 125 °C/W 
From junction to case Rth j-c = 60 °C/w 


" Transistor mounted on printed-circuit board, maximum lead length 4 mm, mounting pad for collector 
lead min. 10mm x 10 mm, 
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Silicon planar epitaxial transistor 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 
le =O; Vcp=25V 
le = 0; Vog = 25 V; Tj = 150 °C 
Emitter cut-off current 
lc =O; Veg =a5V 
Base-emitter voltage 
lc =5 mA; Vee = 10V 
lc=1A;Vee=a1V 
Collector-emitter saturation voltage 
Ic = 1A; lp = 100mA 
D.C. current gain 
lc=5mA; Vee =10V ‘ 
lc = 500 mA; Vee =1V 
le=1TAVcE=z1V 
Collector capacitance at f = 450 kHz 
le=le=0;Vcp=5V 
Cut-off frequency 
lc =10mA;Vee=5V 
Transition frequency at f = 35 MHz 
lc = 10mA; Vee =5V 
D.C. current gain ratio of matched pair BC368/BC369 
lel = 500 mA; |Veel= 14 





hee V/hFE2 





<= 10 pA 
< 1 mA 
< 10 wA 
typ. 0,62 V 
< 1V 
< 0,5 V 
> 50 

85 to 375 
> 60 
typ 27 pF 
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BC368 
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BC368 
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BC369 


SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a plastic TO-92 variant, intended for low-voltage, high-current I.f. applications. 
BC368/BC369 is the matched complementary pair suitable for class-B output stages up to 3 W. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vee = 0) —VcES max. 25 V 
Collector-emitter voltage (open base) —VCEQ max. 20 V 
Collector current (peak value) ; —len max. 2 A 
Total power dissipation up to Tamp = 25 OC Prot max. 1W 
Junction temperature Tj max. 150 °C 
D.C. current gain 

--l¢ = 500 mA; —Vce =1V hee 85 to 375 
Transition frequency at f = 35 MHz 

—l¢ = 10mA; -Vee =5V fT typ. 60 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 





T270994.2 =_— 


diameter within 2,5max | 
is uncontrolled —_ 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
—-VCES 
—-VcCEO 
—VEBO 
—Ic 
—lcm 


Collector-emitter voltage (V ge = 0) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 


Total power dissipation 
at Tamb = 25 °C (in free air) 
up tO Tamb = 25 °C* 


Storage temperature 
Junction temperature 


THERMAL RESISTANCE 

From junction to ambient in free air 
From junction to ambient* 

From junction to case 


* Transistor mounted on printed-circuit board, maximum lead length 4 mm, mounting pad for collector 


lead min. 10 mm x 10 mm. 
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max. 25 
max, 20 
max 5 
max, 1 
max. 2 
max. 100 
max. 200 
max 0,8 
max. 1 
—65 to + 150 
max. 150 
= 156 
= 125 
= 60 


°C/W 
°C/W 
°C/W 





Silicon planar epitaxial transistor 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 
le =0;—Vcp=25V 
le = 0; -Vcg = 25 V; Tj = 150 9C 
Emitter cut-off current 
Ic=0;—-Vep=5V 
Base-emitter voltage 
—lI¢ =5mA;—Vee = 10 V 
—l¢=1A;—Vee=1V 
Collector-emitter saturation voltage 
—le =1A;—lp = 100 mA 
D.C. current gain 
—l¢ =5mA;—-Vce = 10 V 
—l¢ = 500 mA;-—Vce=1V 
—ic=1A;—Vce=1V 
Collector capacitance at f = 450 kHz 
le =le=0;-Vep=5V 
Cut-off frequency 
—I¢ = 10 mA; —Vee =5 V 
Transition frequency at f = 35 MHz 
—lc = 10mA;—Vee=5V 


D.C. current gain ratio of matched pair BC368/BC369 


lic] = 500 mA; [Voel=1V 





—lcBo 
—!cBo 


—lEBO 


pit Esat 


hee1/hFe2 


BC369 


< 10 
4 1 
10 
typ. 0,62 
< 1 
< 0,5 
> 50 

85 to 375 
> 60 
typ. 45 
typ. 350 
typ. 60 
< 1,4 


pF 


kHz 


MHz 
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BC369 
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Silicon planar epitaxial transistor BC369 
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BC375 





SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant, intended for low-voltage, high-current I.f. applications. 
BC375/BC376 is the matched complementary pair suitable for output stages up to 2 W. 


QUICK REFERENCE DATA 


oS Se ee ee ee 








Collector-base voltage (open emitter) VCBO ——-max. 25 V 
Collector-emitter voltage (open base} VCEO max, 20 V 
Collector current (peak value) Icom max. 1,5 A 
Total power dissipation up to Tamb = 25 PC . Prot max. 800 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain 

lc = 150 mA; Vee =1V hee 60 to 340 
Transition frequency at f = 35 MHz 

Ic = 150 MA; Vere =1V iy typ. 150 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


- 5,2max —-—\————_ 12, T min raul 


T270994., 2 -_— 





diameter within 2,5max 
is uncontrolled — 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 
Collector current (peak value) 
Base current (d.c.) 
Base current (peak value) 
Total power dissipation 

at Tamb = 25 OC (in free air) 

Up tO Tamb = 25 OC* 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 

From junction to ambient in free air 
From junction to ambient * 

From junction to case 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 
le =O; Vex = 20V 
le =0;Vee= 20V; 7; = 150°C 
Emitter cut-off current 
lc =O; Veg =5V 
Base-emitter voltage” * 
lc= 5SmA; Vee = 10V 
Ic = 700 mA; Vce= 1V 
Collector-emitter saturation voltage 
Ic = 700 mA; Ip = 70mA 


D.C. current gain 
Ic= 5mA; Vee =10V 
lc=150mA;Vce= 1V 
Ic = /00mMA;VcE= 1V 


Transition frequency at f = 35 MHz 
Ic = 150 mA; Vee =1V 


D.C. current gain ratio of matched pair BC375/BC376 


lich = 150 mA; [Vogl =1V 


* Transistor mounted on printed-circuit board, maximum lead length 4 mm, mounting pad for collector 


lead minimum 10 mm x 10 mm. 


VcBo max. 25 
VCEO max. 20 
VeBO max. 5 
lc max. 1 
lcm max. 1,5 
lp max 100 
lam max 200 
Prot max. 625 
Prot max. 800 
Tstq —65 to +750 
Tj max. 150 
Rth j-a = 200 
Rth j-a = 156 
Rth j-c = 95 
IcBO <= 100 
IcBO < 5 
lEBO < 10 
VBE typ 650 
VBE i 1000 

typ 250 
VcEsat < 500 
hee > 65 
hee 60 to 340 
Nee > 35 
fr typ. 150 
hrev/hre2 < < 


** Vee decreases by about 2 mV/K with increasing temperature. 
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MHz 








SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a plastic TO-92 variant, intended for low-voltage, high-current I.f. applications. 
BC375/BC376 is the matched complementary pair suitable for output stages up to 2 W. 


QUICK REFERENCE DATA 





Collector-base voltage (open emitter) —-VcBo max. 25 V 
Collector-emitter voltage (open base) —VcEO max. 20 V 
Collector current (peak value) —lem max. 15 A 
Total power dissipation up to Tamp = 25 °C : Prot max. 800 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain 

—I¢ = 150 mA; —Vce =1V hee 60 to 340 
Transition frequency at f = 35 MHz 

—I¢ = 150 mA; —Vcee=1V fy typ. 150 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 






T270594.2 


diameter within 2,5 max | 
is uncontrolled = 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 


Total power dissipation 
at Tamb = 25 OC (in free air) 


up to Tamb = 25 °C* 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to ambient * 


From junction to case 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 


Collector cut-off current 

le = 0; —Vcpg = 20 V 

le = 0; —Vcg = 20 V; Tj = 150 oC 
Emitter cut-off current 

lc = 0;-—VeRg =5V 
Base-emitter voltage ** 

—Ic= 5mA;—-Vce=10V 
—Ic=700mA;—Vce= 1V 
Collector-emitter saturation voltage 
—lc = 700 mA; —lp = 70 mA 

D.C. current gain 
—Ic= 5mA;—Vce=10V 
—Ic = 150mA;—-Vce= 1V 


Transition frequency at f = 35 MHz 
—Ic = 150 mA;—Vee=1V 


D.C. current gain ratio of matched pair BC375/BC376 


IIcl = 150 mA; |Vcel= 1 V 


* Transistor mounted on printed-circuit board, maximum lead length 4 mm, mounting pad for collector 


lead minimum 10mm x 10 mm. 


** —Woe decreases by about 2 mV/K with increasing temperature. 
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—VcBo max. 25 
—VCEO max. 20 
—VERBO max. 5 
—Ie max. ] 
—lcm max. 1,5 
—Ip max. 100 
—IBM max. 200 
Prot max. 625 
Prot max. 800 
Tj max. 150 
Rth j-a = 700 
Rth j-a = 156 
Rth j-c 95 
—IcBO < 100 
—IcRO < 5 
—lEBO < 10 
—VaE typ. 650 
—VeeE < 1000 
= typ. 280 

VCEsat < 500 
hFe > 55 
hee 60 to 340 
hFE > 35 
fT typ. 150 
heeq/hFe2 < 2 





nA 
pA, 


pA 


mv¥ 
mV 


mV 
mV 


MHz 


BC546 to 548 





SILICON PLANAR EPITAXIAL TRANSISTORS 


General purpose n-p-n transistors in a plastic TO-92 variant, especially suitable for use in driver stages of 
audio amplifiers. 


QUICK REFERENCE DATA 








Collector-emitter voltage (Var = 0) VCES max. V 
Collector-emitter voltage (open base) . VCEO max. 30 V 
Collector current (peak value) lcm max. 200 : 200 mA 
Total power dissipation up 
to Tamb = 25 OC Prot max. 500 500 mW 
Junction temperature Tj max. 150 150 °C 
small-signal current gain 
> 125 125 
| = f] = = ‘ —| 5 
c=2mA; Vee =5 V; T=1 kHz hfe c 500 900 
Transition frequency 
Ic =10mA; Vee =5V fr typ. 300 300 MHz 
Noise figure at Rg = 2 kQQ 
Ic = 200 uA; Voce =5V 
f= 1 kHz; B = 200 Hz F typ. 2 2 dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. - 


F270 GG 4.2 —_— 





diameter within 2,5 max 
is uncontrolled — 
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BC546 to 548 








RATINGS Limiting values in accordance with the Absolute Maximum System ([EC134) 
BC546| BC547] BC548 





Voltage 
Collector-base voltage (open emitter) Vcpo max. BO 30 WV 
Collector-emitter voltage (Vpp = 0) VcES max. 80 30 #2V 
Collector-emitter voltage (open base) VcEO max. 65 30 #26V 
Emitter-base voltage (open collector) Vepo max. 6 5 Vv 
Current 
Collector current (d.c.) In max. 100 mA 
Collector current (peak value) le M max. 200 mA 
Emitter current (peak value) -lemM max, 200 mA 
Base current (peak value) [pM max. 200 mA 
Power dissipation 
Total power dissipation up 

to Tamb = 25 °C — max. 500 mW 


Te mpe rature 


Storage temperature T -65to+150 °% 


Junction temperature T; max. 150 a 
THERMAL RESISTANCE 

25... “c/w 
15 °C/mW 


From junction to ambient in free air R = 


From junction to case Reh j-c = 
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| BC546 to 548 


CHARACTERISTICS T; = 25 °C unless otherwise specified 


Collector cut-off current 





Ip = 0; VcB = 30 V i bias IcBo < 19 nA 
7 typ. 660 mV 

+= 2? -V 5 = j Ver = 
Ic mA; Vop=9 V BE 580 to 700 mV 
Ic = 10 mA; VcE =5 V¥ V BE <= 77O mv 

Saturation voltage 2) 

See aa rer typ. 90 mV 
Ic = 10 mA; Ip = 0.5 mA VcEsat _ 350 mV 
VRE sat typ. 7OO mvV 
— 1 abs et : typ. 200 mV 
I, = 100 mA; 1p = 5 mA VoRsst < 600 mV 


VBEsat pe 200 omy 


Knee voltage 
Ic = 10 mA; Ip = value for which typ. 300 mV 





TLE1I96 


Veek 1 7 ay Vee (V) 


Collector capacitance at f= 1MHz 


Py ares. = typ. 2,5 pF 
Emitter capacitance at f = 1 MHz 
Lo = l. = 0; VEp = 9,5 V Ce typ. 9 pF 
Transition frequency at f = 35 MHz 
ic = 10 mA; VCE = 5 f+ typ. 300 MHz 


1) VpE decreases by about 2 mV /°C with increasing temperature. 
<) Versat decreases by about 1,7 mV/°C with increasing temperature. 





May 1973 | | 135 


BC546 to 548 





CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 


Small signal current gain at f= 1 kHz 
In _ ; s 
C=2mA;Vorp=5V hfe 






< 
Noise figure at Re = 2 kX 
Ic = 200 pA; VoR =9 V a 
yao ee typ. 
f=1kHz:B=200 Hz F é 10 10 4B 
BC546A| BC546B 
BC547A!} BC547B | BC547C 
BC548C 
D.C, current gain + 
> 110 | 420 
Ic =2 mA; VcR =5V hyp typ. 180 | 520 
< 220 S00 
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BC546 to 548 
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BC546 to 548 





404 — 266482 


102 


0 





-50 100 Tj (°C) 150 


Typical behaviour of base current versus junction temperature 
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BC546 to 548 
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BC546 to 548 









Ste 


TZ 6646.1 


{ BC547C | 
| BC548C | 


BC546B 
2) BCS47B 
BC548B 
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BC546 to 548 


f=1 kHz 


typ. values}— 7 za el co , | BC547C 
ae | 


| BC548C 





( BCS46A | 
3 BC547A 
BC548A 
Bi 
uae 
SH 
-ENSASS 
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Axe 
ON 
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| | ==a0 
2 -1 
10 10 1 Ic (mA) 10 


typ. values 
Vop=sto 1lOV 


( BC546B 
2, BC547B 
| BC548B 
BC546A 

oF Rietaek 
-BC548A 





1072 





May 1973 143 








Ries. 





hey 





' 
— 


7 oe oe 


see 





J 
J 
; 


i _ 
® 


a = 
it 
iti 
tA of 


= 
} 
' 
j 


: 
H 
! 
} 


wm 








SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 variants, primarily intended for low-noise input stages in tape 
recorders, hi-fi amplifiers and other audio-frequency equipment. 


QUICK REFERENCE DATA 


a 


Collector-emitter voltage (Vpe = 0) 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation up to Tamp = 25 OC 
Junction temperature 
small-signal current gain 

lc = 2 mA; Vee = 5 V; f = 1 kHz 
Transition frequency 

Ic =10mA; Vee =5V 


Noise figure at Rg = 2 k&2 
Ic = 200 pA; Vee =5V 


f = 30 Hz to 15 kHz 


f= 1 kHz; B = 200 Hz 


f= 10 Hz to 50 Hz (equivalent noise voltage) 


MECHANICAL DATA 
Fig. 1 TQ-92 variant. 





diameter within 2, smax 


is uncontrolled 


VceEs max 30 
VCEQ max 30 
lem max 200 
Piot max 500 
Tj max 150 
h > 240 
vfe < 900 
it typ 300 
F Si 1,4 
F typ 1,2 
n < = 





= 


BC549 | BC550 


50 V 
45 V 
200 mA 
500 mW 
150 °C 


240 
900 


300 MHz 


1,4.dB 
3 dB 


1 dB 
0,135 pV 


Dimensions in mm 





i B2max ——\_—————_ 12, Jmin ———_*- 


TZ70994,2 —_— 
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BCS549 
BC550 





RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BC549 BC550 





Voltage 
Collector-base voltage (open emitter) Vero max. ¥ 
Collector-emitter voltage (Vpp = 0) VCES max. V 
Collector-emitter voltage (open base) VcEO max, V 
Emitter-base voltage (open collector) a max. V 
Current 
Collector current (d.c.) lc max. 100 miuA 
Collector current (peak value) long max. 200 mA 
Emitter current (peak value) -len max. 200 mA 
Base current (peak value) Ip max, 200 TA 
Power dissipation 
Total power dissipation up to 

Tamb =a2 °C Prot max, 200 mW 
Temperature 
Storage temperature T stg -65 to +150 “8 
Junction temperature qj max, ISO, ste 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 0,25 °C/mW 
From junction to case Reh pe = 0,15 %/mW 
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BC549 





BC550 
CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Collector cut-off current 
Ip = 0; Vop = 30 V; Tj = 150 °C IcRo < 5 ak 


Base emitter voltage 
typ. 660 mV 








eg? OP eR ey VBE 580 to 700 = mV 
la = 10 mA; VCE =5V Vor < 770 mV 
Saturation voltages 2) 
Z « Wee : typ. 90 mV 
la = 10 mA: Ip = 0, mA V CEsat = 950 mar 
Viasat typ 2 700 mV 
_ ee eee . typ. 200 mV 
ie = Sars ty ae VcEsat < 600 mv 
Knee voltage 
I- = 10 ‘In = Ve fo: i 
ies ee B by which ‘ typ. 300 3 mvV 
ices at Vor = CEK ef 600 mV 
I, 
(mA) 
11 
10 | 
| 
| 
| —. 
| 
| 
| 
| 7261396 
VcEK 1 Veg (V) 
Collector capacitance at f = 1 MHz 
or. ns typ. fas pF 
Emitter capacitance at f = 1 MHz 
Io =I, = 0; Vpp = 0,5 V Co typ. 9 pF 


Transition frequency at f = 35 MHz 


Ic = 10 MA; Vop =5V fp typ. 300 MHz 





1) Vpr decreases by about 2 mV/°C with increasing temperature. 
2) Vprsat decreases by about 1,7 mV/°C with increasing temperature. 
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BC549 
BC550 





CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 


small signal current gain at f = 1 kHz 








3 ee > 
I = 2 MA; Vop =5 V hfe 2 
Noise figure at Rg = 2 k® 
Ic = 200 pA; Vcgp =zSV 
dB 
{ = 30 Hz to 15 kHz F ‘yP 
< dB 
' typ. dB 
L = ae = ? . 
f= 1 kHz; B= 200 Hz F 2 4B 
Equivalent noise voltage at Rg =2 k®?2 
In = 200 pA; Vor = 5 ¥ P 
f= 10Hz to 50Hz; T, = 25 ae ae max, = 0,135 wv 
BC549B |} BCS49C 
BCS550B} BC550C 
D.C, current gain 
Ic = 10 LA; VcE =5V her typ. 150 270 
> 200 | 420 
Io =2mA;Vop =9V hog typ. 290) 520 
= 450 800 
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BC549 
BC550 


7Z66462.1 
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BC556 to 558 


SILICON PLANAR EPITAXIAL TRANSISTORS 


General purpose p-n-p transistors in plastic TO-92 envelopes, especially suitable for use in driver stages 
of audio amplifiers. 


QUICK REFERENCE DATA 


a Se 





Collector-emitter voltage (+ Vpe = 1 V) —VcEX max. 
Collector-emitter voltage (open base) —VcEQ max. 
Collector current (peak value) —lcmM = max. 200 mA 
Total power dissipation 
Junction temperature qj max. 150 o¢ 
Small-signal current gain 
—Ic =2mA;—Vcpe =5 V; f= 1 kHz hfe 75 to 900 
Transition frequency at f = 35 MHz 
—Ic = 10mA;—Vce =5V fT typ. 200 MHz 


Noise figure at Rg = 2 kil 
—Ilc = 200 pA; —Vcee =5V 
f=1kHz;B= 200 Hz F < 1 10 dB 


a 








MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 






72709942 





diameter within 2,5 max 
is uncontrolled 


_ 
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BC556 to 558 





158 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) —Vceo max. 
Collector-emitter voltage (+ Vee = 1 V) —VcCExX max. 
Collector-emitter voltage (open base) —VcEO max. 
Emitter-base voltage (open collector) —-VEBO max. 
Collector current (d.c.) —Ic max. 100 
Collector current (peak value) —lem max. 200 
Emitter current (peak value) lEM max. 200 
Base current (peak value) —IBM max. 200 
Total power dissipation 
up to Tamb = 25 OC Prot max. 500 
Storage temperature T stg —65 to + 150 
Junction temperature Tj max. 150 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a 7 250 
From junction to case Rth j-c = 150 
CHARACTERISTICS 
Tj = 25 °C unless otherwise specified. 
Collector cut-off current _ typ. 1 
le = 0;—Vog = 30Vi T= 26°C —IcBo 2 15 
Tj = 150 °C —IcBO < A 
Base-emitter voltage” 
—Ic= 2mA;—VceE=5V ~VEE ie 600 to aah 
—lIc = 10mA;—Vee a5 Vv —VpE < 820 
Saturation voltages** 
-Ic = 10 wart =0,5mA Were oe Pao 
—VBEsat typ 750 
—~I¢ = 100 mA; -Ip =5 mA Nees 2° aoe 
—VBEsat typ 930 


* —Vpe_ decreases by about 2 mV/K with increasing temperature. 


** —NVpesat decreases by about 1,7 mV/K with increasing temperature. 
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Silicon planar epitaxial transistors 





Knee voltage 








BC556 to 558 








—lc¢c = 10 mA; —lg = value for which typ 250 mi 
—lc =11 mA at —Vcee=1V —VcEK z 600 mV 
=e 
(mA) 
ll 
10 
T2603 2 
“VcEK LL ~Vog (V) 
Fig. 2. 

Collector capacitance at f = 1 MHz 

le = le =0;-—Vce=10V Co typ. 4 pF 
Transition frequency at f = 35 MHz 

—Ic¢ = 10mA;—-Vce=5V fT typ. 200 MHz 
Small-signal current gain at f = 1 kHz 

—lc=2mA;—Vce=5V hee 75 to 900 
Noise figure at Rg = 2 kQ2 

—I¢ = 200 pA; —VcE=5V 

typ. 2 dB 
f= 1kHz;B = 200 Hz F = Pa ra 
BC556 | BC556A | BC556B 
BC557 | BC557A | BC557B | BC55/C 
BC558B | BC558C 
D.C. current gain | 
= 220 420 
—Ic=2mA;—Vce=5V hee ec Aq5 800 
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BC556 to 558 
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BC556 to 558 
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For Figs 12, 13, 14 and 15 the following conditions apply: —Vcge = 5 V; f = 1 kHz; Tj = 25 oC. 


7TEBSTOS 


_TZBSRS7 




















: a 
71 tsecss7e | TN cra | | 
hfe it wic anil aap ic i 
He tae | | 
scram LUT T  ests i 
250 | = ttt val 
(ae Ea ee + 5681 L 
..BCEEEA Peal 
BCE5BA 
101 


— Veg (V) 


Fig. 16 f = 1 MHz; T; = 25 °C. 





162 July 1982 





BC559 
BC560 


SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in a plastic TO-92 variant, primarily intended for low-noise input stages in tape 
recorders, hi-fi amplifiers and other audio-frequency equipment. 


QUICK REFERENCE DATA 


BC559 | BC560 
Collector-emitter voltage (+Vpe = 1 V) —-Vcex max. 30 50 V 


Collector-emitter voltage (open base) —VCEQ max. 30 | 45 V 
Collector current (peak value) —lcn max. 200 200 mA 
Total power dissipation up to | 
Tamb = 25 °C Prot max. = 500 | 500 mW 
Junction temperature Tj max. 150 | 150 °C 
Small-signal current gain ; 
ks ; =EB\Voefe= 14 kf > 125 125 
—Ilc¢ =2mA; —Vce = 5 V; f= 1 kHz hfe * 900 | 900 
Transition frequency 
—-Ic¢ =10mA;—-Vce=5V ft typ. 200 200 MHz 
Noise figure at Re = 2 kf2 
—l¢ = 200 pA; -Vee =5V 
=% typ. 1,2 1 dB 
f = 30 Hz to 15 kHz F < a 3 dB 
f= 1 kHz; B = 200 Hz F <= 4 4 dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 





diameter within 2,5max 
is uncontrolled —_ 
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BC559 
BC560 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 





Collector-base voltage (open emitter) —VcBO max. 

Collector-emitter voltage (+ Vpe = 1 V) —VcEX max. 

Collector-emitter voltage (open base) —-VCEQ max. 

Emitter-base voltage (open collector) —VcBO max. 

Collector current (d.c.) it max. 

Collector current (peak value) —lcm max. 

Emitter current (peak value} lIEmM max. 

Base current (peak value) —IBM max. 

Total power dissipation up to - 

Tamb = 25 °C Prot max. 500 mW 

Storage temperature Tstg —65 to+150 9C 
Junction temperature qj max. 150 oC 


THERMAL RESISTANCE 


From junction to ambient in free air Rthj-a = 250 K/W 
From junction to case Rthj-c = 150 K/W 
CHARACTERISTICS Tj = 25 OC unless otherwise specified 
Collector cut-off current 
a ee on VY. T. — ORO 7 typ. 1 nA 
le = 0; -Vcg = 30 V; Tj = 25 OC ICBO 2 15 non 
Base-emitter voltage* 
Sip a a, _ _—« typ. 650 mV 
Ic = 2mA;—VceE = 5 V MBE 600 to 750 mV 
—lc = 10mA;—-Vce =5V —Vee <= 820 mV 
Saturation voltages** 
—l|p= ‘—|p = aS typ. 60 mV 
Ic = 10 mA; —lp = 0,5 mA VicEsat < 300 wat 
—|p= a lp a zi typ. 180 mV 
lc = 100 mA; —lp =5mA VCEsat 2 650 nV 


* —Vpe decreases by about 2 mV/K with increasing temperature. 
** —WVpeEcat decreases by about 1,/ mV/K with increasing temperature. 
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Silicon planar epitaxial transistors 





Knee voltage 


—I¢ = 10 mA; —lp = value for which a aee typ. 250 mV 
—lc=11 mAat—Vee=1V en 600 mV 
-I¢ 
(mA) 





Ff6OlSe 


“VeeK 1 | ; —-Ver iV} 
Fig. 2. 


Collector capacitance at f = 1 MHz 


le = le =0;-Vcp=10V Co sityp. 4 pF 
Transition frequency at f = 35 MHz 
—Ic = 10 mA; —Vce = 5 B fr typ. 200 MHz 


small-signal current gain at f = 1 kHz 
—Ic=2mA;—-Vce =5V hfe 125 to 900 


Noise figure at Rg = 2 kQ 


—Ic = 200 yA; —Vce =5V _ BC56O 
f = 30 Hz to 15 kHz F 
f= 1 kHz: B = 200 Hz F 





Equivalent noise voltage at Rs = 2 kQ2 


—Ic = 200 vA; -—Vce=5V 
f = 10 Hz to 50 Hz; Tamph = 25 OC Ve; = — 0,11 pV 


D.C. current gain 


—Ic=2mA;—-Vce =5V hee 


<—?|— 
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For Figs 12, 13, 14 and 15 the following conditions apply: —-Vcg = 5 V;f = 1 kHz; Tj = 25 °C. 
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Fig. 18. 
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BC635; BC637; 
BC639 





SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in a plastic TO-92 variant, primarily intended for use in driver stages of audio 
amplifiers. P-N-P complements are BC636, BC638 and BC640. 


QUICK REFERENCE DATA 


BC635 | BC637 | BC639 





Collector-base voltage (open emitter) VcBOo max. 45 60 100 V 
Collector-emitter voltage (open base) VCEO max, 45 60 80 V 
Collector-emitter voltage (Rag = 1 kQ) VcER max. 45 60 100 V 
Collector-current (peak value) lcm max. 1,5 | 1,5 1,5 A 
Total power dissipation 

UP tO Tamb = 25 OC Prot max. 1 1 1W 
Junction temperature Tj max. 150 150 150 °C 
D.C. current gain 
Transition frequency | 

Ic=10mA; Vee =5V fr typ. 130 130 130 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


4 0,40 


1 ~}min 






7Z70994.2 





diameter within 2,5 max 
is uncontrolled — 
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BC635; BC637; 
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BC639 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BC635 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector-emitter voltage (Rae = 1 kQ) 
Collector-emitter voltage (Raf = 0) 


Emitter-base voltage (open collector) 


Collector current (d.c.) 
Collector current (peak value) 
Emitter current (peak value) 
Base current (d.c.) 

Base current (peak value} 


Total power dissipation at Taq = 25 °C 


Storage temperature 
Junction temperature 


THERMAL RESISTANCE 

From junction to ambient in free air 
From junction to ambient 

From junction to case 


max. 
max. 
max. 
max. 
max. 


max, 
max, 
max. 
max. 
max. 


Max. 
max. 


max. 


200 


0,8 
1 


-65 ta + 150 


150 


156 
125 
60 








K/W 


* Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad for collector 


lead min. 10 mm x 10 mm. 
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BC635; BC637; 
BC639 


Silicon planar epitaxial transistors 





CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 


le =O0;Vepg =30V IcBo = 100 nA 

le = 0; Veg = 30 V; Tj = 150 °C IcBo < 10 pA 
Emitter cut-off current 

lc=0;Veg=5V lEBO <= 10 yA 
Base-emitter voltage 

Ic = 500 mA; Vee =2 V VBE = vy 
Saturation voltage 

Ic = 500 mA; Ip =50 mA VcEsat = 0,5 V 
D.C. current gain 

lc =5 mA; Vee =H2V hee > 25 

Ic = 150 MA; Vcg = 2 V" ; hee : ar _ 

Ic = 500 mA; Voce =2V hee > 25 
Transition frequency at f = 35 MHz 

Ic =10mA;Vce=5V f7 typ. 130 MHz 
D.C. current gain ratio of matched pairs 

Ilcl = 150 mA; |Vee] =2 V 

BC635/BC636, 

BC637/BC638 and : 13 

BC639/BC640 heeq/hreo ay 
* BC635-6 ma 

BC637-6 hee ie 

BC639-6 : | 

BC635-10 

BC637-10 hee to + 

BC639-10 : 

BC635-16 

BC637-16 hee ok een 

BC639-16 . 
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BC635; BC637; 
BC639 
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BC635; BC637; 
BC639 


Silicon planar epitaxial transistors 
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BC636; BC638; 
BC640 





SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in a plastic TO-92 variant, primarily intended for use in driver stages of audio 
amplifiers. N-P-N complements are BC635, BC637 and BC639. 


QUICK REFERENCE DATA 


a 


Bce36 | Bce3s8 | BC640 








Collector-base voltage (open emitter —-VcBO max. 
Collector-emitter voltage (open base) —-VCEQ max. 
Collector-emitter voltage (Rae = 1 kf) —VcER max. 
Collector-current (peak value) —len max. | | 
Total power dissipation 

UP to Tamph = 25 PC Prot max. a] ry 1 W 
Junction temperature qj max. 150 ; 150 150 °C 
D.C. current gain 

> 40 40 40 
—Ie = 150 mA; —Vere=2V h 
c= 150m CE FE 250 250 250 ~—— 

Transition frequency | 

—Ie = 10mA;—Vee =5V fT typ. 50 50 | 50 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 

B 0,40 






TETOIIS 2 





diameter within 2,5 max 
is uncontrolled _ 
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BC636; BC638; 
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BC640 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BC636 | BC638 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base} 
Collector-emitter voltage (Ree = 1 k22) 
Collector-emitter voltage (—Vge = 0) 
Emitter-base voltage (open collector) 


Collector current (d.c.) 

Collector current (peak value} 

Emitter current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation at Tapb = 25 OC 
up to Tamb = 25 OC 

Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to ambient 


From junction to case 


200 

0,8 

1 

—65 to + 150 
150 


156 
125 
60 





Py Se = 


3 
> 


K/Ww* 
KW 


* Transistor mounted on printed circuit board, max. lead length 4 mm, mounting pad for collector 


lead min. 10 mm x 10 mm. 
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BC636; BC638; 
BC640 


Silicon planar epitaxial transistors 





CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 


le =0;—Veg = 30 V —lcBo < 100 nA 
le = 0; —Vep = 30 V; T] = 150 °C —IcBo < 10 A 
Emitter cut-off current 
Ic =0;—Veg=5V —lEBO < 10 ywA 
Base-emitter voltage 
—lc =500 mA; —Vee =2 V —VeeE < 1 
Saturation voltage 
—I¢ = 500 mA; —Ip = 50 mA —VCEsat on 05 V 
D.C. current gain 
—lc =5mA;—-Vce =2V hee = 25 
= — = al - > 40 
Ic = 150 mA; —VcE=2V 3 hee = 250 pes 
—Ic = 500 mA;—-Vce =2 V hee > 25 
Transition frequency at f = 35 MHz 
—l¢ = 10 MA; -VcE =r5 V fr typ. 50 MHz 
D.C, current gain ratio of matched pairs 
cl = 150 mA; |Veel=2V 
BC635/BC636, 
BC637/BC638 and t 13 
BC639/BC640 heeq/hreo 2 ca 
* BC636-6 
BC638-6 hee S ‘en <_— 
BC640-6 j T. 
BC636-10 
BC638-10 hee t i 
BC640-10 
BC636-16 ‘s 
> 100 
BC638-16 hee 
BC640-16 . oe 
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BC636; BC638; 


Silicon planar epitaxial transistors 





TEETISSe 


= 
'T] 

es 

ale 

ba) 

sl 

ie 

Ss a 
iit 


100 


SH 


q 


30) 





stele) 
amleaiesele BCA! Cease id 
‘y)g Socease 9 BSE ad ES) RL Be a 
1 10 


f r 


4.00} 






an 
FS 
a i he he vali Ss 
BRAGS GS keee eee 
Gl GR 7 il 
REET Che oh wee 
EGGET Ahn eo ee 
epee iG GRU" el 
ak a a 
O08) 6 ceSeeeeeee 
a RS Be i 







PT Sn) 

Ee i ae et 
BREE E SH 1 PBR ee wie 
BME Be ee ey ie } 











Bk gic 
Pee eee e aa 
a Ss oe a sw 

FS 4 









January 1983 181 















T2654 












7] EO 6 late lela 
SCONES EEE 
—i | # | 
sw : a BE anedi 
SPCCCONA CEE 
BERR SnE Be Poe 
Hoe rr ral 
pe etd 
Pn Ci es, T Boone 
in = = rT 
mH 
= 





4 

—— ~ 
DRE RE 
Pert at eleret stares! 


ESE 4208288 
if ft tt 

aid 

io jl 

= 

& 

| 

| 

= 

ed 

g 











yj 
ont 
Vv 


=25°C 
ypical 
alues 
Be 
il 






% 


Fig. 7. 


Fig. 6. 


Teer 





8. 


Fig. 





a 

— 
= 
dos 
| 
= 
ec 
i) 

= 


182 





7 
SILICON PLANAR EPITAXIAL TRANSISTORS ee 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case. 


They are intended for general purpose very high-gain low level and low-noise applications. Moreover, 
they are also suitable for low-speed switching applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base} 


Collector current (d.c.) 


Total power dissipation up to Tamp = 25 OC 


Junction temperature 
D.C. current gain at Tj = 25 °C 
lc = 10 pA; Vee Hav 
lc=2mA; Vee z5oV 
Transition frequency 
Ic =0,5 mA; Vee =5V 
Noise figure at Rg = 2 kal 
Ic = 200 pA; Vee = 5 V 
f = 30 Hz to 15,7 kHz 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 





Accessories 56246 (distance disc). 


Se 


BCY56 | BCYS/ 


VcBO max 
VCEO max 
Ic max 
T j max 
hee > 

> 
hFE < 
fr typ. 

typ. 
F = 





© Products approved to CECC 50 002-164, available on request. 


45 


Bees baa 12,7 min ——— 
7269420.) 


25 V 
| 20 V 
100 mA 
| 300 mW 
175 % 
100 
200 
800 
100 MHz 
15 dB 
5,0 dB 


Dimensions in mm 


_Yos1 
~ max 
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BCY 56 
BCY 57 





RATINGS (Limiting values) 1) 








volenes. BCY56 | BCYS7 
Collector-base voltage (open emitter) VcCBO max. 49 | 
Collector-emitter voltage (open base) VCEQO max. 45 20 V 
Emitter -base voltage (open collector) VEBO max. 5 Seo 
Currents 
Collector current (d.c.) Ic max. 100 mA 
Collector current (peak value) IcM max. 100 mA 
Power dissipation 
Total power dissipation up to Tamb = 25 °C Prot max. 300 mW 
Temperatures 
storage temperature T stg -65 to +175 °C 
Junction temperature Tj max. 175°" 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = U.2 °C/mW 
From junction to case Rth j-c = 0.2 °C/mW 
CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Collector cut-off current 

I, = 0; Vog = 20 V IcBo < 100 nA. 
Emitter cut-off current 

In = 0; VepzoV IFBO < 100 nA 


Base-emitter voltage 2) 


typ. 5 
Ic = 2m4A; VCE =3V VBE YP oy ay 


600 to 700 mV 
Collector-emitter saturation voltage 


Ic = 10mA;Ip= 1 mA VCEsat ‘tyP- 80 mV 
Ic = 100 mA; Ip = 10 mA VCEsat typ. 200 mV 


1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
2) VBE decreases with about 2 mV/°C at increasing temperature. 
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CHARACTERISTICS (continued) 


Knee voltage 
Ic = 10 mA; Ip = value for which 
Ic = ll mA atVcRzlyV 





VCEK 


D.C. current gain 
ha = 10 wA; VcRz5V 


Ic =2mA; Vcr =z5V 
Ic = 10 mA; Vcr =z5V 


Transition frequency 


h parameters at f = 1 kHz 
Ic =2mA; Vcr =5V 
Input impedance 


Reverse voltage transfer 
small signal current gain 


Output admittance 


Collector capacitance at f = 1 MHz 
Ip =le = 0; Vop =5V 


Noise figure 
Ic = 200 A; VcE=9V; Rg = 2 Ke? 
f = 30 Hz to 15.7 kHz 


typ. 
VCEK ws 


25 °C unless otherwise specified 


300 mV 
600 mY 





Vee (V) 

hFE > 40 
- typ. 200 
MFE 100 to. 450 
hppr > 100 
fp typ. 85 
f+; typ. 250 
Die typ. 9.5 
hre typ. 1.75 
typ. 250 

hfe 125to 500 
hoe typ. 17.5 
Ce typ. 4.5 
typ. 1.5 

F bs . 


100 


400 
200 to 800 


200 


100 MHz 
350 MHz 


7.5 kQ 
3.5 10-4 


500 
240 to 900 


35 worl 


4.5 pF 


db 
dB 
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7 
SILICON PLANAR EPITAXIAL TRANSISTORS ae 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case, for use in ampli- 


fier and switching applications. 


QUICK REFERENCE DATA 


Collector-emitter voltage (open base) 
Collector current (d.c.) 


Total power dissipation 
up to Tarp = 45 OC 
up to Tease = 45 OC 


Junction temperature 


Small-signal current gain at ST th 25 oC 
lc =2mA; Vee =5 V; f= 1kHz 


Transition frequency at f = 100 MHz 
Ic=10mA;Vce=5V 


Noise figure at Re = 2 kf) 
Ic = 200 vA; Vee =5V 
f= 1 kHz: B = 200 Hz 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 








Accessories 56246 (distance disc). 


lt 93 pe 
max 





BCY58 |BCY59 





max 32 45 V 
max 200 | 200 mA 
max 330 | 330 mW 
max 1000 | 1000 mW 
max 200 | 200 oC 
BCY58—VII x 





BCY59—VII 

> 

< 350 

typ. 280 MHz 


typ. 2 dB 


Dimensions in mm 


bape 12,7 min ———e 


72694201 


© Products approved to CECC 50 002-030/031, available on request. 
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BCY58 
BCY59 








RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages BCY58 |BCYS9 





Collector-emitter voltage (Vpr = 0) Vers max. a2 45 V 
Collector-emitter voltage (open hase) VCEO max. ay 45 
Emitter-base voltage (open collector) VEBO max. ip Fy bay 
Currents 

Collector current Ic max. 200 mA 
Base current Ip max. 30 mA 


Power dissipation 





Total power dissipation up to Tease = 45 °C Ptot max. 1000 mW 
Temperatures 

Storage temperature Tstg - 65 to +200 as 
Junction temperature qT; max. 200 mis 
THERMAL RESISTANCE 

From junction to ambient in free air Rth j-a = 0.45 °C/mW 
From junction to case Rth j-c = 0.15 °C/mW 
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CHARACTERISTICS Tj = 25°C unless otherwise specified 


Collector cut-off currents BCY58|BCY59 
VcRE = 32 V; Var = 0 ICES | 
VcE = 45 V; VBE = 0 ICES 
VcE = 32 V; Vpg = 0; Tj = 150°C ICES 
VCE = 45 V; VpE = 0; Tj = 150°C ICES 


Emitter cut-off current : 


Ic = 0; Ven =5 V IEBO 


Collector -emitter breakdown voltage 





I, =0;1,=2mA VUBR)CEO 
Emitter -base breakdown voltage 
Iq = 0; Ig =1uA ViBR)EBO 
Base emitter voltage 
Ic = 10pA;VoRp=5V VBE typ. 0.5 V 
Ic = 20pA ; VcE = VCEOmax: Tj = 100 oC VBE = 0.2 V 
typ. 0.62 V 
Ic = 2mA;Vop=5V VaR 6.55to0.70 V 
Ic = 10mA; VcE=1V VBE typ. 0.70 V 
Ic = 100 mA; Vczk=1V VBE typ. 0.76 V 
Saturation voltages 
typ. 100 mV 
Ic = 10 mA; Ip =0.25 mA VcEsat gq tercaegt ay 
typ. 700 mV 
VBE sat 600 to 850 mV 
typ. 250 mV 
AG = ARO ss AB Cats ne VcEsat 150to 700 mV 
typ. 875 mV 
VBEsat 750 to 1200 mV 
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CHARACTERISTICS (continued) 


Collector capacitance at f = 1 MHz 





Ir = Ie = if: Vcr =l1l0V 
Emitter capacitance at f = 1 MHz 
Ic =Ie = 0; Vep=O.5 V 


Transition frequency at f = 100 MHz 
Ic =10 mA; Vcr =5V 

Noise figure at Re = 2 kQ 
f= 1 kHz: B = 200 Hz 


D.C. current gain 
Io = 1OPA; VoR=5 VY hep 


In = «ZL mA: VcE=5 V 


tl 


Ig = 10 mA; VcE=1V MEE 
In =100mA; Ver =1 V hep 


h parameters at f = 1 kHz 


la =2mA; Vcr =o V 


Input impedance hie 
Reverse voltage transfer ratio hye 


Small signal current gain he. 


Output admittance hoe 
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typ. 
is = 
Ce we . 
f = 
T typ. 
7 OF i 
BCY58VII 
BCYS9VIT 


Tj = 25°C unless otherwise specified 






pA /V 
pA/V 


CHARACTERISTICS (continued) 


Switching times 





Ic = 10 mA; Ip = 1 mA; -Ipy = 1 mA 
Rl =5 kQ; R2=5 kQ; Ry = 990 © 


Vep = 3.6V delay time tq typ. 35 ns 
rise time te typ. 50 ns 
gs 
turnon time ton ee 4 fs 
storage time t, typ. 400 ns 
fall time te typ. 80 ns 
480 ‘ 
turn off time tof ae a a 
Ic = 100 mA; Ip = 10mA; —Ipy = 10 mA 
R1 = 500 £2; R2 = 700 ©; Ry = 98 22 
Veg =o V delay time td typ. fs) ns 
rise time tr typ. 90) ns 
typ 39 ns 
turnon time ton, ap 150 ee 
storage time t, typ. 250 ns 
fall time ty typ. 200 ns 
4 
turn off time tyr ple ae - 


Test circuit: 


O+ 10V 
+40 Oscilloscope: 
ie t. < I5ns 
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BCY58 
BCY59 
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BCY70 to 72 








_— 
SILICON PLANAR EPITAXIAL TRANSISTORS Ge 


P-N-P transistors in TO-18 metal envelopes intended for general purpose industrial applications. The 


BCY71 is a low noise version. 


QUICK REFERENCE DATA 


a 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Collector current (peak value) 
Total power dissipation up to Tamp = 25 OC 
Junction temperature 


D.C. current gain 
—le¢=10mA;—Vep=z1V 


Transition frequency at f = 100 MHz 
—Ic = 10 mA; —Vce = 20 V 


A oe 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case. 





Accessories: 56246 (distance disc). 


= Products approved to CECC 50 002-079/081, available on request. 


100 


250 





TE69420.1 





MHz 


Dimensions in mm 
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BCY70 to 72 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 

BCY70 | BCY71 
Collector-base voltage (open emitter} —VcBo max. 50 45 30 V 
Collector-emitter voltage (open base) —-VcEO max. 40 A5 25 V 
Emitter-base voltage (open collector) —VEBO max. 5,0 5,0 50 V 
Collector current (d.c.) —Ic max. 200 mA 
Collector current (peak value) —lcm max. 200 mA 
Emitter current (peak value) lem max. 200 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 350 mW 
Storage temperature Tstg —65 to + 200 °C 
Junction temperature Ti max. 200 oC 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 500 K/W 
From junction to case Rth j-c = 150 K/W 


400 


SRR owes 
SEE E EES ESAs 
| Pesta SeeeeS 
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0 100 a Tamp (° C) 





Fig. 2 Maximum permissible power dissipation as a function of ambient temperature. 
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300 


Silicon planar epitaxial transistors BCY70 to 72 





CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 





Collector cut-off current 


10 10 10 nA 
le = 0; -Vcop = —-VCBOmax —!CBO y : 500 500 | 500 nA 
: . O58 0,5 — nA 
lc = 0; Veg = 40 V sIGhO ft ae a eae 
. O,1 0,1 — pA 
LES OVER ae V2 1] = ORE ~!cBo Ze os |?120 - uA 
typ. — _ 05 nA 
le =0;-—Vep =25 V —IcBO ee - = 50 nA 
le = 0; —Vep = 25 V; T; = 100°C —lcBo oe i a ob as 
; typ. 1,0 we — nA 
—Vce = 50 V; —Vepg = 3,0 V —ICEX oe 70 = — . nA 
Emitter cut-off current 
: typ. 0,3 nA 
lc = 0; -—Veg =4,0V —lEBO Z 10 nA 
typ. 5,0 nA 
lc =0;-VeRg =5,0V —lEBO er 500 nA 
Saturation voltages 
—Ic¢ = 10 mA; —Ip = 1,0 mA —VCEsat oe ye | uy 
typ. 750 mV 
—VBEsat 600 to 900 mV 
—Ic = 50 mA; —Ip = 5,0 mA —VCEsat Pig et - Ae 
typ. 860 mV 
—VBEsat < 1200 mV 
Knee voltage (see Fig. 3) 
—l¢ = 10 mA; —|p = value for which 
| 7 typ. 270 mV 
—Ic = 11 mA at—Vce=z1V —VCEK a 600 mV 
-I- 
(mA) 


11 
10 





TIE? 


Fig. 3. “Veek 1 — =Vce (V) 
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BCY70 to 72 





200 


D.C. current gain 
—lc = 10 pA; —VcE = 1,0 V 


—Ic = 0,1 mA; —Vcege = 1,0 V 
—Ic = 1,0 mA; —Vee=1,0V 


—I¢ = 10 mA; —Vog = 1,0 V 


—l¢ = 10 mA; —VcE = 1,0 V BCY71 


—lc = 50 mA; —Vcge = 1,0 V 


Collector capacitance at f = 1 MHz 
le =!,=0; —Vceg =10V 


Emitter capacitance at f= 1 MHz 
Ic =!l_=0;-—Veg=1,0V 


Transition frequency at Tamp = 25 OC 


—lc = 10 mA; —Vc_E = 20 V; f = 100 MHz 


—Ic = 100 wA; —Vce = 20 V; f = 10,7 MHz 
Noise figure 

—Ic = 100 pA; —Vc_e = 5,0 V 

f= 10 Hz to 10 kHz; Rg = 2,0 k&2 
h-parameters (common emitter) 

—Ic = 1,0 mA; —Vc_ = 10 V; f= 1 kHz; 

Input impedance 


Reverse voltage transfer ratio 


Small-signal current gain 


Output admittance 
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Silicon planar epitaxial transistors BCY70 to 72 





Switching times of the BCY70 and BCY72. 
—Ic = 10 mA; —IgBon = + IBote = 1 MA 


delay time ‘q a = 
rise time af oe ~ 7 
turn-on time fon nls ie a 
storage time ts a se a 
fall time of er i a 
turn-off time loff oS on ts 


LD 
“0% 


ol 1us + 








aol lee] ere 


ts t+ 





Fig. 5 Switching waveforms. 
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BCY70 to 72 
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Silicon planar epitaxial transistors BCY70 to 72 





TLTZI5E 





BCY70; -Vcg = 40 V 
BCY 71; ~Veg =40V [Ft 
BCY72; -Vog = 25V 
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Silicon planar epitaxial transistors BCY70 to 72 
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Fig. 11. 
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BCY70 to 72 
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Silicon planar epitaxial transistors 
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BCY70 to 72 
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BCY70 to 72 
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typ. values 
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— | | | 7282288 

Eee mI | ERR BEAEEREEEA 
| jeff Se eae B EEE 

E SREREe 
~VcEsat 
(mV) 

| | | 7 0008088 HHH 
san COCEE ere BEER 


: eee 


co 
BEER lee} Las 
Rs EH Oe tS 
1 eS A MO FF ey FF FS 


—50 0 50 100+ 





Fig. 21 ~—Ic/—lg = 20; typical values. 
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g typ. values 
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Silicon planar epitaxial transistors 
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Fig. 25 —Ic/—lp = 20; typical values. 
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see also the graph and text on next page. 
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Determination of total noise figure 
Total noise at f < 15 kHz includes flicker noise and white noise. 
The relationship ts as follows: noise factor = 1 + flicker noise factor + white noise factor. 


The flicker noise factor can be derived from the curves of the graph above, the white noise factor from 
the curves of the graph on preceding page. 


Example: 


Assume a BCY71 operating at f = 200 Hz; I— = 200 wA with a source resistance Rs = 10 kf2. From the 
graph on this page it follows that at |_ = 200 wA with Rs = 10 k{&2 the product of frequency and 
flicker noise factor is 110. Since the frequency is 200 Hz, the flicker noise factor is 110/200 = 0,55. 

It follows that at l_ = 200 wA with Rg = 10 k22 the white noise figure is 0,9 dB, representing a factor 
of 1,23. Thus the total noise factor = 0,55 + 1,23 = 1,78 or 2,5 dB. 
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BCY78 
BCY79 





SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in TO-18 metal envelopes, intended for use in amplifier and switching applications. 


a re eee 


BCY78 | BCY79 
Collector-emitter voltage (open base) —VcCEQ max. 32 45 V 


Collector current (d.c.) —Ic max. 200 mA 
Total power dissipation 

UP tO Tamb = 45 PC Prot max. 345 mW 
Junction temperature Tj max. 200 oC 







BCY78—VII x 
BCY79—VII 
small-signal current gain SS 
, > 125 
—Ilc=2mA;—Vee=5V hfe = 





Transition frequency at f= 35 MHz aaa | 

—Ic = 10mA;—Vece =5 V fT typ. 180 MHz 
Noise figure at Rs = 2 k&2 

—Ic = 200 pA; —Vee =5 V 





f = 1 kHz; B = 200 Hz F typ. 2 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 


Collector connected to case 





. 53 ela — 12,7min ——! 


TEG9620.1 





Accessories: 56246 (distance disc). 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BCY78|BCY79 


Voltages 


Collector-emitter voltage (Vp = 0) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Currents 
Collector current (d.c.) 


Base current (d.c.) 


Power dissipation 
Total power dissipation up to Tampb = 45 °C 


up to Tease = 45 °C 


Temperatures 


storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


218 


Max, 


max. 











200 


345 


1000 


-65 to 200 
200 


mW 
mW 


oc 
°C 


%C /mW 
9c /mW 





December 1976 


BCY78 








BCY79 
CHARACTERISTICS Tamb = 25 “C unless otherwise specified 
Collector cut-off currents eal eee 
=— f+ =f = r A typ. 2 - nA 
Ver = 9; -Vcr =25 V IcRs z 20 = ak 
: eb cate ae = typ. - 2 nA 
Ver = 0; -Vcr =35V ICES < 2 20 nA 
Var = 0; -Vorp = 25 V; Tamb = 150 oC -IcRs < 10 - A 
VBE = 9: -Vor = ~VYCEOmax -IcEs = we looted: mA 
-Vpp = 0,2 V: -VCE =-VCEOmax: Tamb=100°C -IcRrx a 20 20 pA 
Emitter cut-off current 
Ic =(): -VEB =4V —lFRO = 20 20) TA 


Collector-emitter breakdown voltage 
Ip = {): -Ic =? mA -V(BR)CEO = 32 45 V 








Emitter-base breakdown voltage 





Base-emitter voltage 





-Ico = 10pA;-VoR=5V -VpR typ. 550 mV 
; : : typ. 650 mV 
= =_ ‘ + = | = fr = 4 — 

Ic * 2A; “Vou 7% VBE 600 to 750 mV 
=“Ic.> 10 mA; -Vop H1V -VBE typ. 680 mV 
-Ic = 100 mA; -VcR=1V -VpR typ. 750 mv 

Saturation voltages 

| ; , . typ. 120 mV 

“Ic = IQ mA : -Ip = 250 A -VckEsat ae 950) mvV 
-V typ. 700 mV 
BE sat 600 to 850 mV 
_ typ. 400) mV 
-I¢ = 100 mA; -Ip = 2,5 mA Widest uo". “aaa aes 
typ. 850 mV 

=i 7 
VBEsat 799 to 1200 mV 

Transition frequency at f = 35 MHz 





-Ic = 10 mA; -VoR =5V frp typ. 180 MHz 
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CHARACTERISTICS (continued) 
Collector capacitance at f= 1 MHz 


Ip =le =0:-Vegpe 10V 


Emitter capacitance at f = 1 MHz 


Ic = I. = (): -VER =O0,5V 
Noise figure at Re =2 kQ 


-Ic = 200 pA; -VcR=5V 


D.C, current gain 


“Io = 10pA;-Vop=5V 


-Ilc = 2mA;-Vop=5V 


“Ic = 100 mA; -Vcr =1V 
h-parameters at f = 1 kHz 
-Ic = 2mA;-Vcpk=5V 


Input impedance 


Reverse voltage transfer ratio 


small-signal current gain 


Output admittance 


220 


qT = 29 OC : = i |S = a ee 
lamb = 25 °C unless otherwise specified 


i: 


typ. 


typ. 


typ. 


= 


BCY78-VII 
BCY79- VII 





VIII 
Vill 


4() 
270 


250 


350 | 
460 | 


160 
360 
630 


60 





| 100 
340 


380 
300 
030 


240) 
S00) 
LOOOD 


60 


fa 
3 


350 
920 
700 

a0) 
100 
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pF 
pF 


db 
dB 


ko 


10-4 


pA /V 
HA /'V 








CHARACTERISTICS (continued) 
owitching times 


-lcon = 10 mA; Stina = IRoff = lmA 
Rl=R2=5 ko: Ry, = 990 22 


Vp =3,6V delay time tq typ. 35 ons 
rise time ty typ. 90 ns 
turn-on time (tq+t,) tr EYP aL 

oo ES ee 150 ns 
storage time ts typ. 400 ns 
fall time tf typ. 80 ns 

: "Ieee typ 450 ns 
m= Oi ; 
turn-off time (tg+tf) top 800 ns 
=ln = 100 mA : -IRon = IBoff = 10 mA 

R1 = 500 92; R2 = 70092; Ry = 989 

Vp =5V delay time td typ. 3» ns 
rise time tr typ. 50 ns 

~ typ. 55 ns 
turn-on time (tqt+tr) ton — Ist ws 
storage time ts typ. 250 ns 
fall time tr typ. 200 ns 
; yp 450 ns 
turn-offtime(t.+tp tye — 800 ns 
Test circuit: 
—10V 
za Tus Osc, 
OV 
—10V 
6< 0,01 | | 
t.=1ns ee} | aa 7272951 . 
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BCY78 
BCY79 


7272959 


typ. values 





107! 10 Io (mA) 10? 
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BCY87 to 89 





N-P-N SILICON PLANAR DUAL TRANSISTORS 
FOR DIFFERENTIAL AMPLIFIERS 


Matched dual n-p-n transistors in a TO-71 metal envelope with all leads insulated from the case. 

They are primarily intended for differential amplifier applications in general industrial service; e.g. 
instrumentation and control. 

Products are divided into three types according to their matching accuracy. 

The BCY87 and BCY88 are intended for applications in pre-stages of differential amplifiers where low 
offset, drift and noise are of prime importance. The BCY89 is for second stages, long-tailed pairs and 
more general purposes. 


QUICK REFERENCE DATA 





Ratings 

Collector-base voltage (open emitter) VeBo max 45 V 
Collector-emitter voltage (open base) VceEO max 40 V 
Total power dissipation up to Tambh = 25 OC Prot max 150 mW 
Junction temperature Tj max 175 °C 


Characteristics of the complete device with collector-base voltage of 10 V and sum of emitter currents 
from 10 to 100 pA. 








BCY87 BC 

Ratio of collector currents at ee 

Vip—1e = Vop—2e— lac/lac 0,9—1,11 | 0,8—1,25 | 0,67—1,5. 
Base current difference at | 

V1B—1e = VoB—2E '1B-!2B | < 25 | 80 300 nA 
Equivalent differential voltage AV i 

change with temperature * = S < 3 | 6 | 10 pV/°C 

es 

Equivalent differential current lai | | 

change with temperature * \AT | x 0,5 2 10 nA/C 
MECHANICAL DATA Dimensions in mm 


TO-71 


All leads insulated 
from the case 


Accessories: 
56263 (cooling fin). 








| 53 | r 7278757 
= — fit eee | 
ek 12,7 min 





* Tamb = —20 °C to +90 °C, 
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RATINGS see page 7 


CHARACTERISTICS of the individual transistors 


Tamb = 25 °C unless otherwise specified 


BCY87 | BCY88 | BCYS89 





Collector cut-off currents 


In = 0; Vop = 20 V; Tamb = 90 °C Icpo <= o ary, TEA 
In = 0; Vcp = 20 V IcsBo <= - IO nA 
D.C. current gain 
Ic = SHA; Veop=10V hFE > 80 = 
. > 100 100 
Ic = 50 uA; Vcp = 10 V 
i ee "FE < 450 450 
zZ > - = 
Ic = 500 uA; Vop = lo V M1FE LL 7 
> = 100 
Ic = 10 mA: VeR=l0V 
C A; VCB hFE TO 600 
Transition frequency 
-Ip = SO uA; Vop = 10V it: > 10 10 MHz 
-Ip = 500 wA; Vcp = 10V fr > 50 50 * MHz 
Collector capacitance at f = 1 MHz 
In.=1e= 0; Vop-= 10 V Ce < $3.5 3.5 pF 
Noise figures " 
In = 50 HA; VoR =5 V; Rg = 10 kO 
Cc ; i 
Bandwidth 10 Hz to 15 kHz = als 
1 kHz spot noise figure 
Ic = 50 WA; Vck =5 V; Rs = opt. F < 4 > dB 


Bandwidth = 200 Hz 
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BCY 87 to 89 


CHARACTERISTICS of the complete device. 


These characteristics are valid under the following conditions: 

a. Collector-base voltage of both transistors not exceeding 10 V (Vjc-1pB = Voc-ap 
= 10 V) 

b. Sum of the emitter currents from 10) to LOO BWA 
-(U)p + lop) = 10 ta 100 ea 


MATCHING CHARACTERISTICS 
Ratio of collector currents BCY87 BCYRS BCYSY 








Difference between base-emitter voltages 

lic = lc \Yip-1 E -V917-9R | ee 3 6 lO mV 
Difference between base currents 

ViB-1E * Yap-28 LZ plop | < 25 | 80 300 nA 


D.C. current gain ratio 
lic =12¢c hipr /haFE 0.9-1.11 | 0. 8-1. 25 - 


Illustration of matching characteristics: 


“Te | 
“Tyg =~Ige }---- 








-lze 


~hie 





TEOT Te 


Mip-t€=¥2p-26 yoo oe Woy VOB Vip-1e = Yap-2e 

lop 
EL oxy. SL: AV 
NE exp. KT BE 
I2E | 
—— measured at 4Vpp = 0 
iE 

I : 
AVpR measured at — = | 

1E 
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CHARACTERISTICS of the complete device (continued) 
Equivalent circuit for drift 


In the equivalent circuit the transistors are considered to be drift free. 
All temperature, coefficients are concentrated in the voltage source 
current source ==. . 

AT 


It should be noted that the differentia] current change given is only valid when the 
& 


source resistances are almost equal; the differential voltage change only when the 
base-emitter voltages are almost equal. 





Seat in the 






av 
AT 





transistors free 
from thermal drift 


Block symbol of test amplifier 


The test amplifier, used in the tests on page 5, is described on pages 6 and 7. It is 
represented by the following amplifier symbol: 


input 


output 


TIOTIGS 





input 
of 
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CHARACTERISTICS of the complete device (continued) 


Equivalent differential voltage change with temperature 





BCY87| BCY88 | BCYS9 


4 wuV/oCc 
10 eV /oC 





AV typ. | 


Tamb = —-20 tao +90 %C AT < 3 


Equivalent differential current change with temperature 





A ; 
Tamb = -20 to +90 °C |= < O60 10)» =nA/®C 
AT 
Test methods —_- 
AV | Al | 
AT AT 
R2=10kKLL 1% 4 R2=1kLL 1%. 


= 

< =o 
6 
g c 
S S 
il =) 
ca rT 

5] = 

5 oe o 

z 5 

& 





NOTE 


To prevent contact potentials, 
connections should be soldered. 


=-lVo 





Amplification factor determined by feedback circuit: —= = 100 


Output voltage against time is recorded. 


The temperature of the amplifier is adjusted to T; between -20 and +90 °C. Whenit 
has stabilized, the output voltage is brought to zero ( VTi <1 mV)!). The ampli- 
fier temperature is then adjusted to T? between -—20 and +90 °C. When it has stabi- 
lized the output voltage can be read off. 


tienes US BL 4 Sl ee Bd 
' AT Te = Ty R2 AT T9 - Tj R2 2Rs 
AV . , 
!) For AT: adjusted by Ry] 
| oo 
For AT: first by Ry] with SI and 52 closed, then by Ry9 withthe switches open. 
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BCY87 to 89 | 


Differential test-amplifier 





The test amplifier (including feedback resistors, source-resistors and biasing- 
resistors) should be mounted in a small box to ensure a uniform temperature 
throughout, 

| O+15V 





ly Relative temperature coefficient < 107°/°C 


2) The device at the input is the device under test 





230 
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Performance of the test amplifier 





Open loop voltage gain (Z,;, = 10 k%) Gs typ. 10° 
Frequency at which Gy = 1 fy typ. lO MHz 
Max. common mode input voltage range +10 V 
Max, output current 1.9 mA 
Max. output voltage +410 V 
Input resistance Ri 100 k&2 
Output resistance Ro typ. 20 k82 
Common mode rejection ratio 10° 


100 
| a | 
fale TN | TI 













| Coit At Sart eset tt 
Sch carcass Hides | ae Hitt 






50}— panna = i i Es HiaGl Maal 
| | a a Heo ica will 
Ht BE a hh ait Tat ata 
Ts] Tl B01) | ll Riiicmen Seriet ct 
nti C00 | el 
| ii aia Sante Ht 
Re lie Wi nmaiinmna Serer 
[ia OF Hl BERIHI 01 ont endl a A 
tt Hil oN eer tet 
0 manan HEH Scien mat 
10 107 10° 10° 10° 40° 10’ 10° £ (Hz) 10° 


RATINGS (Limiting values) |) 
Voltages (each transistor) 


Collector-base voltage (open emitter) VCBO max, 45 V 

Collector-emitter voltage (open base) - 
Ic = 10 mA VCEO max, 40 V 

Emitter-base voltage (open collector) VEBO max. aa 


Currents (each transistor) 


Collector current (d.c. ) Ic max. 30 mA 
Total power dissipation up to Tamb = 25 °C Prot max. 150 mW 
Temperatures 

Storage temperature T stg max. 175 C 

Junction temperature Tj max, 175 °C 


THERMAL RESISTANCE 
From junction to ambient Rth j-a = 1 %/mWw 


|) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134, 


- = 
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SILICON PLANAR TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant. The BF 198 has a very low feedback capacitance and is 
intended for use in the forward gain control stage of the television i.f. amplifier. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO max. 40 V 
Collector-emitter voltage (open base) VCEO max. 30 V 
Collector current (d.c.) ; Te max. 25 mA 
Total power dissipation up to Tamph = 25 PC Prot max, 500 mW 
Junction temperature Tj max. 150 °C 
Transition frequency at f = 100 MHz 

lc=4mA; Vce = 10 V ie typ. 400 MHz 
Feedback capacitance at f = 10,7 MHz 

lc = 1mA; Vce = 10 V —Cra typ. 200 fF 
Max. unilateralized power gain 

lc =4 mA; Vce = 10 V; f = 35 MHz GUM typ. 42 dB 

f= 45 MHz Gym typ. 39 dB 

Gain control range AG¢tr typ. 60 dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


y 0,40 
1 | 4 min 


T270994.2 =-_ 








diameter within 2,5 max 
is uncontrolled 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltag es 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Currents 
Collector current (d.c.) 


Collector current (peak value) 


Power dissipation 


Total power dissipation up to Tamb = 25 °C 


Temperatures 


storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


VcBO 
VCEO 
VEBO 


Ic 
ICM 


max, 40 
max. 30 
max. 4 
max, 25 
max. 25 


max. 500 


-65 to +150 


max. 150 


Us2o 


mA 


mW 


Of 
a 


°C /mW 


June 1971 





CHARACTERISTICS 

Base current at about 50 dB gain control 
Ic = 6mA; Vep=2V 
Ic = 15 mA; VcFR=5 V 





Base current 


Ic = 4mA;VcoR=10V 


Base-emitter voltage 1) 
Ic = 4mA; Vor =10V 


Feedback capacitance at f= 10.7 MHz 
Ic = 1mA; VcR=10V 


Transition frequency at f = 100 MHz 


Noise figure 
Gg = 10 mA/V; f = 35 MHz; Bg = 0 


y parameters (common emitter) 
Ic = 4 mA; Ver = 10V 


Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 
Transfer admittance 

Phase angle of transfer admittance 
Output conductance 


Output capacitance 


Maximum unilateralized power gain 


' . fe 
Gon) tin dB) = 10 log eels 
UM S 48ie8oe 





Tamb = 25 °C unless otherwise specified 


ail 


Ip < 
Ip < 
Ip pie 
VBE Bs = 

—Cre typ. 
fy typ. 
F typ. 


270 


400 





LA 
mA 


LA 
pA 


mV 
mV 


MHz 


dB 





Ic = 4m<A; VCE =10V GUM typ. 4? 39 dB 
1) Vpg decreases by about 1.7 mV/°C with increasing temperature. 
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Equivalent gain control transistor 


To ensure an almost constant input admittance and an output conductance that varies 
little with gain control, we recommend that where a BF198 is used ina gain con- 
trolled i.f, stage, a series base capacitor of 22 pF anda bias resistor of 1 kQ be 
used, 


Ca 22pF The transistor with these additional components is 

BO effectively an "equivalent transistor" for gain con- 
Fin 2 Ve | trol purposes, the signal handling capability of which 
Ig 


may be expressed in terms of voltage. (Without these 
components the varying input admittance means that 
the signal handling capability can only be expressed 
in terms of power). 
The signal handling capability of the equivalent transistor as a function of AGtr (the 
reduction in transducer gain with gain control) will be found on Figs. 3 to 6. 

a, Voltage versus AGty curves for a y distortion of 5% are below. 

b, Voltage versus AG; curves for an in-band cross modulation factor of 1% are 

on Figs. 5 and 6. 

Graphs of the y-parameters are on Figs. 13 to 28. 


a 





TIe2O20 





10 7209623 
“+ distortion curves ¥ distortion curves 
~VEE = 25 V “Ver =20V f 
Vp! Re +Ro = 3.9 kQ Re +Ro= 1k Tinka ne 


(V) BRURUUUOUEEOOOUEEOOOREEROOUEEE 





SS 
Te 
st atti + TH 
ae: HNAAINOMID 
: nll HAA 
+> Hh ao ae co 
\ tay au ESEE BESEEREUSEEESEEREEE 
Peo HGDRR BADER BEEBE DROME TEER ARERR 
TH 
sa 20 4OAG+, (dB)60 
Fig, 3 Fig. 4 
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71209622 


sense oo 


tides Sasasssess 
sities 
Hn ae 


1 


“al iin 


ian 


in-band cross-modulation 
“Ver = 25 Vi Re +Rco=3.9 ke 


0 20 ~ 4OAG¢; (dB)60 0 20 4OAG¢,(dB)60 


In-band cross-modulation 
“VEE =20V; RE + Re =1kQ 


Tamb = 25 % 





a 


Fig. 5 Fig. 6 
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Maximum allowable collector -emitter voltage (wit! 
| between base and emitter and 1¢- = 2 mA) versus the base resis-_ 


VCER tance applied, 


l 1 
(V) | The same curve applies to ao aud tint externalcapac-|_| | | [11] 
itances are = < ale 


aa =10k 0 zn 


Tj up to 150°C 


W2S2019 


fling, 1 10 100 Rp (kM) 1000 


__7209619 
— = 





100 SS 


ete 
meat ul Dil 


rey 


0.1 Pat ah eal el 
0.001 001 Ip (mA) 10 


Fig. 8 
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base-emitter voltage versus | 
collector current 








staises Seeee 
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0 10 Vee (V) 20 0 1 Vpe(V) 2 


Fig. 9 Fig. 10 
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Fig. 11 Fig. 12 
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5 V: Re + Re = 3.9 ko): f = 35 MHz 
300 








| 
10° ere 1807 — 7209616 
|Yrel FE SE HHEEEERRHEEEE etn ace Cee Pere — 
Savas Suaad poses teseteans re oe - 


(pA/VITT| TUT Ni INH 
0 


Fig. 15 Fig. 16 





WVce(v) 5% = 


Vee(v) 10 
y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on Fig.2 (dashed curves apply to the transistor only) 
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Re +Re = 3.9 kQ: f = 35 MHz 


Voltage control: =Ver = 





0 


Vee (V) 1 


o 
Fig. 18 






Fig. 17 


7Z09 


7209608 
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Fig. 20 








y-parameters of the equivalent gaincontrol transistor, including base capacitor and 
base resistor as shown on Fig.2 (dashed curves apply to the transistor only). 
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Current control; ~Vrep = 20 V; Re + Ro = 1 k82; f = 35 MHz 





1 eee 
SO 0F O90 Se 
CVE ECRERe 





20 I¢ (mA) 30 


y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on Fig.2 (dashed curves apply to the transistor only). 
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Current control; -Viep = 20 V; Re + Re = ] ke: f = 35 MHz 


a = _ 7209615 __ 





Fig. 25 


SSESHISCEHEGEE ESSE EECEESrs 


ee 
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y-parameters of the equivalent gain control transistor, including base capacitor and 
base resistor as shown on Fig.2 (dashed curves apply to the transistor only). 
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APPLICATION INFORMATION 


First stage of an i. f. amplifier 





Basic circuit with voltage gain control: Rp + Rc = 3.9 kQ; -Ver = 25 V 
current gain control: Re +Re= 1k2; -Vepr=20V 
SpF 
33pF 
O66pH} 
bas 
(22H | 
= RL= 
82pF 50.0. 
TEBIOI2 - 
iA oO 
Vage —VeE !' 
Fig. 29 


SSeS Ss Se oS = = = = 


Ger (in dB) = 10 log 


output power in load Ry, 
available power from source Rs 


SS SS RP hh HRP eee ee 
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Voltage gain control Current gain control 
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-40 oth saneesnes a5 -40 
Ey Sse Honrateiies oH PCC eee 
S0850 COSRSEREOee Seeeeeeeeuees Seeeeeen 
SeneeeEEesTeeeee EEE 
-60 sbuscedsesfaesrssesseesae? 4 = egg bebe et | 
30 Vcet¥) 20 10 0 0 10 20 Te (mA) 30 


Fig, 30 Fig. 31 


Curves of constant gain reduction 


3077 TTTITLLELILLL 
cee eres eee EEE typical values 
Ic | CEE EEEE EEE f= 36.4MHz 
| CECE EEE EEE eet oe Tamb= 25°C 
(mA) 7 tt — —— see also circuit 
as Ctr - ——-— cco 
=A AB SEE 
RotReer ee ‘Se coh a a 
sear drane BEER 
1kM, CAN 4008 eee 
| | | “ 
dt hy oa aussie 
‘ == 
3.9k 0, Hy LPR Ze as, 
3 SSS 
SS eae ee ee 
Runes ne? =—- =~ -———~ == 
0 10 20 30 Vcr (V) 40 
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BF199 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant envelope. 


The BF 199 has a very low feedback capacitance and is intended for use in the output stage of a vision 


i.f. amplifier. 


QUICK REFERENCE DATA 


eee ——— 1 Se = 





Collector-base voltage (open emitter) VcBO 
Collector-emitter voltage (open base) VcCEO 
Collector current (d.c.} 2 Ic 
Total power dissipation up to Tamp = 25 9C Prot 
Junction temperature Tj 
Transition frequency at f = 100 MHz 

Ir =5 mA; Vee = 10 V Un 
Feedback capacitance at f = 10,7 MHz 

lc = 1mMA; Vee = 10 V Cre 
Maximum unilateral power gain 

lc =? mA; Vee = 10 V; fF = 35 MHz GUM 
Video detector output voltage Vo 


= 





ee ee = ee ee eee eee 





MECHANICAL DATA 
Fig. 1 TO-92 variant. 








diameter within 2,5 max 
is uncontrolled Bat bested 











max. 40 V 


max. 25 V 

max. 25 mA 
max. 500 mW 
max. 150 °C 


typ. 550 MHz 


typ. 340 fF 
typ. 444 dB 
typ. i,f V 


Dimensions in mm 


Youo 
if min 


+ 5,2max —-<¢————— 12,7 min ———_——_> 


T2TOS9G.2 


October 1984 
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RATINGS Limiting values in accordance with the Absolute Maximum system (IEC 134) 


Voltages 


Collector -base voltage (open emitter) 
Collector -emitter voltage (open base) 


Emitter -base voltage (open collector) 


Currents 
Collector current (d.c.) 


Collector current (peak value) 


Power dissipation 


il 


Total power dissipation up to Tambh = 25 °C 


Temp eratures 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


VCBO 
VCEO 
VEBO 


max, 4() 
max. 25 
max, 4 
max. 25 
max, 25 
max. 500 
-—65 to+150 
max. 150 
= 0,25 


VY 


mA 
mW 


°C 
"G 


°C /mW 
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Silicon planar epitaxial transistor 





CHARACTERISTICS 


Tamb = 25 oC 
Base current 
- : typ. 60 pA 
Ic = 7 mA; Vog = 10 V IB 185 WA 


Base-emitter voltage * 


r * typ. //5 mV 
lc=/ mA; Vee = 10V VBE < 925 mV 
Transition frequency at f= 100 MHz 
lc =5 mA; Veg = 10 V fT typ. 550 MHz 
Feedback capacitance at f = 10,7 MHz 
lc=1mMA; Vee = 10V Cre typ. 340 fF 
y-parameters (common emitter) 
Ic = 7 mA; Veg = 10 V; f = 35 MHz 
input conductance ‘ die typ. 5,5 mA/V 
input capacitance Cie —ityp. 95 pF 
feedback admittance \Yre | typ. 75 pA/V 
phase angle of feedback admittance Pre typ. 268° 
transfer admittance \Yfe| typ. 220 mA/V 
phase angle of transfer admittance Yfe typ. 338° 
output conductance Soe ‘typ. B80 pA/V 
output capacitance Coe «typ. 2,0 pF 
Maximum unilateral power gain 
|¥fe | ° 
Gum (in dB) = 10 log {vie |? 
4 Die Joe 
lc =? mA; Vee = 10V Gum typ. 44,4 dB 


* Vpe decreases by about 1,7 mV/K with increasing temperature. 
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0, __7209597 
6 ‘hiaxingoni allowable collector- emitter voltage (with resistance |_| | | | I 1/ | mime ona 
between base and emitter and 1- = 2mA) versus the base resis- one de Lot TIT 







tance applied. 








1 1 
The same curve applies to ath and CE when external capac- 










itances are — 
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typical ery 
7 a sae 


0 100 7; (°C) 150 1 10. Ic(mA) 100 





APPLICATION INFORMATION 


Qutput stage of television video i.f. amplifier with the BF199 transistor, followed 
by a video detector circuit. 


2.2pF 2A3e 

15pF 6.8pF 100pF = : — Vc 
S | . 
2 | ra S 
y 15 u xt ‘a i ae 
E =i a a. ol 
i at a at a | | 

a 





TE SLO 


—25V 
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APPLICATION INFORMATION (continued) 


Video detector output voltage at f = 38.9 MHz 1) 





> 6 V 
Ic = 7.2 mA; Vcr = 16.6 V Vo typ 73 VW 
Transducer gain at f = 36.4 MHz 
. output power in load Ry, 
a ee available power from source with Rg 
Ic = 7.2 mA; Vcr = 16.6 V Gey typ. 25.5 dB 


Tuning frequency for all tuned circuits is 37 MHz 


a 





1) The output voltage Vo is difined as the voltage across the 2.7 k®2 detector load 
R,, for 30% synchronisation pulse compression. 


7209591 __ 





sync.pulse 14/1111 Vce = 16.6V 3 
compression Soot =38.9MHz | # distortic Janseaoe 
co) FEE EE frambe25ee | (hd Framb=25°C 
CoCo pe o on — circuit on | 
100TH RRS 100 pe 


an Yo 
50-4 tp , 50+ 


0 5 Vy(v) 10 (EE 5 Yo (W) 10 
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BF240 
BF 241 


H.F. SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in a plastic envelope, recommended for a.m. mixers and i.f. amplifiers in a.m./f.m. 


receivers. 


QUICK REFERENCE DATA 


2 oS a ee 


Collector-base voltage (open emitter) VcBo 


Collector-emitter voltage (open base) VCEO 
Collector current (d.c.) Ic 
Total power dissipation up to Tampb = 45 OC Prot 
Junction temperature qj 


Base current 


Ic = 1mA; Vce = 10 V IB 
Transition frequency 

lc = 1mA; Vce = 10 V ft 
Feedback capacitance at f = 1 MHz 

lc =1mA; Vee = 10 V —Cre 
Noise figure 

lc =1mA; Vee = 10 V 

Re = 200 £2; f = 0,2 MHz F 





MECHANICAL DATA 
Fig. 1 TO-9? variant. 





— 


diameter within 2,5 max | 
is uncontrolled —_ —_ 





max. 
max. 
max. 
max. 


max. 


typ. 


- 5,2max i aan 12,7 min. ————_— 








40 V 
40 V 
25 mA 


250 mW + 


150 °C 
BF240 | BF241 





45-15] 828 yA 
380 350 MHz 


0,34 pF 


3,5 dB 


Dimensions in mm 


7 


y 0,40 
4 min 


| 
10,49 
i max 


TETO99S.2 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) VcBO 
Coillector-emitter voltage (open base) VcEO 
Emitter-base voltage (open collector) VERO 
Collector current (d.c.) Ic 
— Total power dissipation up to Tamp = 45 OC Prot 
—# Storage temperature T stg 
—e Junction temperature qj 


THERMAL RESISTANCE 


—* From junction to ambient in free air Rth j-a 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 


Ile = 0; Vcp = 20V ICBO 
Base-emitter voltage 
Ic=1mMA;VcE = 10V VBE 


Base current 


lc = 1mA; Vee = 10 V IB 
Transition frequency at f= 100 MHz 

lc =1mA;Vee=10V fT 
Feedback capacitance at f= 1 MHz 

lc = 1mA; Vee = 10V Cre 
Noise figure 

lc=1mA;Vcee= 10V 

Rs = 200 2; f = 0,2 MHz F 


256 October 1984 


max. 
max. 
max, 
max. 


max. 


max. 


40 V 
40 V 
4 V 
25 mA 
250 mW 
—65 to+ 150 °C 
150 °C 


420 K/W 


100 nA 


700 mV 
650 to 740 mV 








BF240 
BF241 








CHARACTERISTICS (continued) T; =25 °C unless otherwise specified 
y parameters (common emitter) Lead length = 3 mm 
Ic = lmA; VcE = 10¥ 





f = MHz 

Input conductance fie typ. 0,2 0,3 0,4 0,5 mA/V 
Input capacitance Cie typ. 17 14 a3 19 pF 
Transfer admittance lyfe| typ. 37 37 37 | 37 maA/V 
Phase angle of transfer admittance @ge typ. 0° 0° 0° 0° 

Output conductance Zoe = * 8,3 10,5 | 8,3 10,5 pA/¥ 
Output capacitance Coe typ. ] ] | 1 ] pF 
Feedback admittance lYrel typ. 9,75 | 18 0,75 18 nA/V 
Phase angle offeedbackadmittance oye typ. 2709} 270° | 270° | 270° 

Iq = 4 mA; Vcr = 10 V: f = 35 MHz (BF240, BF241) 

Input conductance Bie typ. 4 mA/V 
Input capacitance Cie typ. 25 pF 
Transfer admittance lYtel typ. 125 mA/V 
Output conductance Zoe typ. 62 HAS 
Output capacitance Coe typ. 1 pF 
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BF324 


H.F. SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a plastic envelope especially intended for r.f. stages in f.m. front-ends in common 


base configuration. 


QUICK REFERENCE DATA 


2 Ss  . 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 





= 


Collector current (d.c.) 
Total power dissipation up to Tampb = 45 OC 
Junction temperature 
Base current 
—Ic¢ =4mA; —Vce = 10 V 
Transition frequency 
—Ic =4 mA; —Vee = 10 V 


Noise figure at f = 100 MHz 
—Ic = 2 mA; —Vce = 10 V; Go = 16,7 mMA/V 


Feedback capacitance at f = 1 MHz 
Veg =0;-Vcgp=10V 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 





diameter within 2,5 max 
is uncontrolled 





Crh 


max. 30 V 
max. 30 V 
max. 25 mA 
max. 250 mW 


max. 150 °C 


typ. 80 pA 
= 160 pA 
typ. 450 MHz 
typ. 3 dB 


typ. 0,1 pF 


Dimensions in mm 


T27ORG 2 


October 1984 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (/EC 134) 
Collector-base voltage (open emitter) —VcBo 
Collector-emitter voltage (open base) —-VcEO 
Emitter-base voltage (open collector) —VeE BO 
Collector current (d.c.) —l¢ 
Total power dissipation up to Tamp = 45 OC Prot 
— Storage temperature Tstg 
Junction temperature Tj 


THERMAL RESISTANCE 


— From junction to ambient in free air Rth j-a 


260 October 1984 





max, 30 V 


max. 30 V 
max. 4V 
max. 25 mA 


max. 250 mW 
—65 to+ 150 °C 
max, 150 °C 


= 420 K/W 








CHARACTERISTICS Tj = 25 °C 
Collector cut-off current 


In = 0;-Vop = 30 V -Icpo < 50 0=onA 


Emitter cut-off current 


Ic = 0;-VepzetV -InRO < 10 pA 
Base current 
be 7 a typ. 80 pA 
-Ie =4mA;-Vor =10V Ip 2 160 uA 
-Ic = 1mA;-Vck = 10V -Ip typ. 22 pA 
Base-emitter voltage 
“Ic =4mA;-Vcp=10V -Vpr typ. 0,76 V 
Transition frequency at f = 100 MHz 
-I, = 1mA;-VcR=10V fy typ. 350 MHz 
-Ic = 4mA;~-VoR = 10 V ft typ. 450 MHz 
“Iq = 8mA;-Vog = 10V ft typ. 440 MHz 
Feedback capacitance at f = 1 MHz 
VERB = (): -VcRp =10¥ Crh typ. DY l pF 
Noise factor at f = 100 MHz 
<li = 2 mA;—-Vor =10V; 
Gg = 16,7 mA/V F typ. a8 1iGB 
-Ic =5 mA; -VcE = 10 V; 
Gg = 6,7 mA/V;-jB, = 5 mA/V F typ. 3,9. dE 
y-parameters (common base) at f = 100 MHz 
-Ic = 4mA;-Vop= 10V 
Input conductance Lib typ. 125 mA/V 
Input capacitance ~Cib typ. 64 pF 
Transfer admittance | Yep] typ. 100 mA/V 
Phase angle of transfer admittance : fh typ. 147° 
Output conductance Zob ‘typ. 40 pA/V 
Output capacitance Cob UP lj2o.4 pF 
Feedback admittance |yrb| typ. 220 ypA/V 
Phase angle of feedback admittance “Pr ‘typ. 859 
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————— 1 
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4000 Seer “Vee = = 10 V 


f = 100 MHz 
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typical values 
“Vee =10V 
G. = 16,7 mA/V 


MAb 
co Baal 
ef 





tae 
1073 1072 a 1 10 103 f (MHz) 103 
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BF370 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant envelope, intended for use in large-signal handling i.f. pre- 
amplifiers of TV receivers in combination with surface acoustic wave filters. 


QUICK REFERENCE DATA 








Collector-base voltage (open emitter) VcBO max. 40 V 
Collector-emitter voltage (open base) VCEO max. 15 V 
Collector current (d.c.) Ic max. 100 mA 
Total power dissipation up to Tampb = 25 OC ‘ Prot max. 500 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain 

lc =10mA; Vee =1V hee > 40 
Transition frequency at f = 100 MHz 

lc =40 mA; Vee = 10V fT > 490 MHz 
Voltage gain at f = 36 MHz (see Fig. 4) 

I¢ = 20 mA; Vee = 10,4 V Gy typ. 24 dB 
Interference voltage for K = 1% (see Fig. 4) Viint)rms typ. 120 mV 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


FETO994.2 —_|— 








diameter within 2,5 max 
is uncontrolled —! 
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BF370 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-base voltage (open emitter) VcBo max. 40 V 

Collector-emitter voltage (open base) VcEO max. 15 V 

Emitter-base voltage (open collector) VEBO max. 4,5 V 

Collector current (d.c.) Ic max. 100 mA 

Total power dissipation up to Tgamb = 25 °C Prot max. 500 mW 
_ —t Storage temperature Tstg —65 to +150 °C 

Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 250 K/W 


7284678 
is el Ge ae 
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Fig. 2 Power dissipation derating curve as a function 
of ambient temperature. 
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Silicon planar epitaxial transistor BF370 





CHARACTERISTICS 
Tj = 275 OC unless otherwise specified 


Collector cut-off current 


le = 0; Vep=20V ICBO < 400 nA 
le = 0; Vog = 20 V; Tj) = 125°C ICBO < 30 WA 
Emitter cut-off current 
lc =O; Vep=2V lEBo < 100 nA 
D.C. current gain 
lc=10mA; Vee=1V hFe > 40 
Transition frequency at f = 100 MHz 
lc = 10mA; Vee = 10 V fy > 500 MHz 
Ic = 40 mA; Vee = 10 V fy > 490 MHz 
Collector capacitance at f = 1 MHz 
ye 7 F : 2,2 pF 
le =le=0; Veg = 10V Ce 2 5 ce 
Emitter capacitance at f = 1 MHz 
lc=le-=O; Vep=1V Co < 4,5 pF 
Feedback capacitance at f = 1 MHz A 1.6 oF 
lc =0; Vee =10V Cre ee 29 SE 
7ZB8007 
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Fig. 3 Vg = 10 V; T; = 25 °C. 
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BF370 





APPLICATION INFORMATION 





. +Vec 
10 nF S.A.W.F. 
equivalent 
7 circuit 
—_"—, 
t . . 
InF 479 {P 
: —— @ BFa7o |S 
[502 ) 15 pF 
12ko} io 
TN) : nF seal 
se 
7284677 


(1) Test instrument load. 
Fig. 4 Large-signal handling i.f. preamplifier for surface acoustic wave filter. 


Performance 
Supply voltage Vec = 12 V 
Collector current Ic aa 20 mA 
Measuring frequency fj = 36 MHz 
Input impedance Zi typ. 50 £2//1 pF 
Output impedance Zo = 100 {2 
Voltage gain Vo 

Gy, (in dB) = 20 log VT Gy typ. 24 dB 
Interference voltage for K = 1%* Viinti)rms typ. 120 mV 


* Input terminal voltage at 50 © internal resistance of signal generator, interference frequency 40 MHz, 
80% modulated with 1 kHz. 
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SILICON EPITAXIAL TRANSISTORS 





N-P-N transistors in plastic TO-92 variant envelope primarily intended for class-B video output stages in 


colour television and professional monitor equipment. P-N-P complements are BF421 and BF423. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcsBo 
Collector-emitter voltage VcCER 
VCEO 

Collector current (peak value) lcm 
Total power dissipation up to Tamb = 25 °C Prot 
Junction temperature Tj 
D.C. current gain at Tj = 25 OC 

Ic = 25 mA; Vee = 20 V hee 
Transition frequency 

Ic =10mA; Vee = 10V tT 
Feedback capacitance at f = 1 MHz 


Ic =0; Vee =30V re 


MECHANICAL DATA 
Fig. 1 TO-92 variant, 


' 5,2max se — 









diameter within 2,5 max 
is uncontrolled 











BF420 | BF422 
max. 300 250 V 
V 


max. 300 
max. | 
max 100 
max 830 
max 150 
> 50 
> 60 
< 1,6 





250 V 


mA 
mW 
oC 


MHz 


pF 


Dimensions in mm 


12,7min ——————> 
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BF420 
BF422 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BF420 | BF422 





Collector-base voltage (open emitter) VcBO max. 300 | 250 Vv 
Collector-emitter voltage | 

Ree = 2,7 kQ VCER max. 300 V 

Ip =0 VCEQ max. 250 V 
Emitter-base voltage (open collector) VEBO max. 9 V 
Collector current (d.c.) Ic max. 50 mA 
Collector current (peak value) lem max, 100 mA 
Total power dissipation up to Tamb = 25 OC* Prot max. 830 mW 
Storage temperature : Tstg —65 to + 150 oC 
Junction temperature Tj max. 150 oC 


THERMAL RESISTANCE 


From junction to ambient* Rth j-a 150 K/W 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified. 


BF420 | BF422 


Collector cut-off currents 








le = 0; Vep = 200 V IcBo < 

RBE = 2,7 k&t; Voge = 200 V; Tj = 150 9C ICER < 10 10 vA 
Emitter cut-off current ia 7 

Ic=O;VeRp=5V lEBO < 10 pA 
D.C, current gain 

Ic = 25 mA; Vce =20V hee > 50) 
High-frequency knee voltagqe* * ma 

Ic = 25 mA; Tj = 150 oC VcEK typ. 20 V 
Transition frequency 

lc = 10 mA; Vee = 10 V fT ri 60 MHz 
Feedback capacitance at f = 1 MHz 

lc =O; Vee =30V Cre < 1,6 pF 


+ 


Transistor mounted on a printed-circuit board, mounting pad for collector lead minimum 

10 mm x 10 mm; maximum length 4 mm. 

** The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at 
which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at 
Vce = 50 V. A further reduction of the collector-emitter voltage results in a rapid increase of the 
distortion of the signal. 
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Silicon epitaxial transistors BF420 
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Fig. 2 Thermal impedance from junction to ambient versus pulse duration. Maximum lead length 
3 mm; mounting pad for collector lead minimum 10 mm x 10 mm. 
7278281 71277425 





Fig. 3 Voge = 20 V; Tj = 25 OC. Fig. 4 Voge = 10 V; Tj = 25 OC; f = 35 MHz. 
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Silicon epitaxial transistors BF420 
BF422 





277427 











Oa 
1 2 
a a i 
SCOT 
mn SSE SRT 
| rh 
sot—— +r NCH 
a ee 
ee es 
Aaa (2 a DB 
pL Lt Err T_T en 
1 10 10? Ic (mA) 103 


Fig.8 Veg = 20 V; Tj = 25 OC. 
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BF421 
BF423 


SILICON EPITAXIAL TRANSISTORS 


P-N-P transistors in plastic TO-92 variant envelope primarily intended for class-B video output stages in 
colour television and professional monitor equipment, N-P-N complements are BF420 and BF422, 


QUICK REFERENCE DATA 


BF421 | BF423 












Collector-base voltage (open emitter) —-VcBQ max. 300 250 V 
Collector-emitter voltage —-VcER max. 300 | V 
: —VCEQ max 250 V 

Collector current (peak value) —lcm = max. 100 mA 
Total power dissipation up to Tamb = 25 OC Prot max. 830 mW 
Junction temperature Tj max. 150 ae 
D.C. current gain at Tj = 25 OC 

—I¢ = 25 mA; —Vec_e = 20 V hee > 50 
Transition frequency 

—Ic = 10 mA; —Vcge = 10 V fT > 60 MHz 
Feedback capacitance at f = 1 MHz 

—I¢ =0;—Vc_e = 30 V Cre < 1,6 pF 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 
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BF421 
BF423 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 





Collector-base voltage (open emitter) —VcBoO max. 
Collector-emitter voltage 
Ree =2,7 kQ —VcER max. 
Ip =O —-VCEQ max. 
Emitter-base voltage (open collector) —VEBO max. 
Collector current (d.c.) —Ic max, 
Collector current (peak value) —IcmM max. 
Total power dissipation up to Tampb = 25 °C* Prot max, 830 mW 
Storage temperature T stg —65 to + 150 oC 
Junction temperature Tj max. 150 oC 


THERMAL RESISTANCE 
From junction to ambient* Rthj-a = 150 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified. 


Collector cut-off currents 





le =0;—Vep = 200 V -lcpo < nA, 

Ree = 2,7 kQ; —Voe = 200 V; Tj = 150 °C -IcER < LA 
Emitter cut-off current 

lc =0;—-Veg=5V —-lEBO < pA 
D.C. current gain 

—Ic =25 mA; —Ve_e = 20 V hee > 50 
High-frequency knee voltage** ~ 

—I¢ = 25 mA; Tj = 150 9C —VceEK typ. 20 V 
Transition frequency 

—Ic = 10 mA; —Vcge = 10 V fr > 60 MHz 
Feedback capacitance at f= 1 MHz 

—I¢ =0;—Vce = 30 V Cre < 1,6 pF 


* Transistor mounted on a printed-circuit board, mounting pad for collector lead minimum 
10 mm x 10 mm; maximum length 4 mm. 

** The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at 
which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at 
Vce = 50 V. A further reduction of the collector-emitter voltage results in a rapid increase of the 
distortion of the signal. 
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Silicon epitaxial transistors 
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Fig. 2 Thermal impedance from junction to ambient versus pulse duration. Maximum lead length 
3 mm; mounting pad for collector lead minimum 10 mm x 10 mm, 
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Fig. 3 —-Vce = 20 V; Tj = 25 °C. Fig. 4 —Vc_e = 10 V; Tj = 25 OC; f = 35 MHz. 
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Fig. 6 —Vcp 
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Silicon epitaxial transistors 
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Fig. 8 Typical values at —Vee = 20 V; Tj = 25 9C. 
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H.F. SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in a plastic envelope intended for h.f. and i.f. applications in radio receivers, especially 
for mixer stages in a.m. receivers and i.f. stages in a.m./f.m. receivers with negative earth. 


QUICK REFERENCE DATA 


Ss ee ee ee a Se ee eee 





Collector-base voltage (open emitter) —VcBO max. 40 V 
Collector-emitter voltage (open base) —VCEQ max. 40 V 
Collector current (d.c.) —lc max. 25 mA 
Total power dissipation up to Tamp = 45 OC Prot max. 250 mW 
Junction temperature Tj max. 150 °C 
Base current 
BF450: —| 5 to 1 A 
—Ic = 1mA;—-Vee = 10V 6 eo fPat 
BF451: —Ip 11 to 33 wA 
Transition frequency 
—Ic=1mA;—Vee = 10 V fT typ. 325 MHz 
Noise figure at f = 100 kHz 
—Ic = 1 mA; —Vece = 10 V; Rg = 300 2 F typ. 2 dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation up to Tamb = 45 OC 
—® Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
— From junction to ambient in free air 


CHARACTERISTICS 
Tj = 25°C 
Collector cut-off current 
le = 0; -Vepg=30V 
le =0;—Vep = 40 V 
Emitter cut-off current 
lc =0;-Vep=4V 
Base current 
—Ic = 1mA;—Vege = 10 V 


Base-emitter voltage 
—lc = 1mA;—Vcge = 10 V 
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BF450 
BF451 


—VcCBO 
-VCEO 
—VEBO 
Prot 


T stg 
Af 


Rth j-a 


—IcBo 
—ICB) 


—lEBO 


—Ip 


—VBE 


max. 40 V 
max. 40 V 
max. 4V 
max. 25 mA 
max. 250 mW 
—65 to+ 150 °C 
max, 150 °C 
= 420 K/W 
a 50 nA 
< 10 pA 
S 10 pA 
< 5to 16 wA 
< 11to33 wA 
typ. 700 mv 








CHARACTERISTICS (continued) 


Transition frequency at f = 100 MHz 


Feedback capacitance at f = 1 MHz 
-In = 1 mA; Vcr =10V Cre typ. 0,35 


Noise figure at f = 100 kHz 
“Ic = 1 mA; -Vcg = 10 V; Rg =300 &2 F typ. 2 


y -parameters (common emitter) 


Input conductance 

Input capacitance 

Transfer admittance 

Phase angle oftransfer admittance 
Qutput conductance 

Qutput capacitance 

Feedback admittance 


Phase angle of feedback admittance , 2707 | «270° 


May 1974 


MHz 


pF 


dB 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-92 variant envelope and intended for use in video output stages in black-and- 
white and in colour television receivers. 


QUICK REFERENCE DATA 








Collector-base voltage (open emitter) VCcBO max. 
Collector-emitter voltage (open base) VCEO max. 
Collector current (peak value) ICM max. 
Total power dissipation (free air) Prot max. 
D.C. current gain 
Ic = 25 mA; Vce = 20 V hee a 50 
Transition frequency 
—lp = 10 mA; Vcop = 10 V fr 70 to 110 MHz 
Junction temperature Tj max. 150 oC 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


TETO99h.2 





diameter within 2,5 max | 
is uncontrolled _ 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BF483 | BF485 | BF487 


Collector-base voltage (open emitter) VCBO —™max. 300 350 | 400 V 
Collector-emitter voltage (open base) VCEQ max. 250 300 | 350 V 
Emitter-base voltage (open collector) VEBO max. 5 V 
Collector current 

dc. Ic max. 50 mA 

peak value lcm max. 100 mA 
Total power dissipation in free air 

up to Tampb = 25 OC Prot max. 830 mW 
Storage temperature Tstq —65 to + 150 °C 
Junction temperature Tj max. 150 oC 


THERMAL RESISTANCE 


From junction to ambient when mounted 
on a p.c. board and mounting pad for 
collector lead minimum 10 mm x 10 mm 
and maximum lead length 4 mm Rthj-a Max. 150 K/W 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 


Collector cut-off current 


le = 0; Veg = 300 V IcBO = 20 . nA 
Collector-emitter cut-off current 

Vce = 250 Vi Ape = 2,7 kQQ; 

Tj = 150 °C IcER < 20 uA 
Emitter cut-off current 

lc =0; Veg =5V lEBO = 10 - uA 
High-frequency knee voltage 

lc = 25 mA; Tj = 150 °C VeEK = 20 V 
D.C. current gain 

Ic = 25 mA; Vee = 20 V ” = 50 

Ic = 40 mA; Veg = 20 V FE 3 20 
Transition frequency 

—Ile =10 mA; Veg =10V fT 70 to 110 MHz 
Feedback capacitance at f = 1 MHz 

le = 0; Veg =30V Cre &, 1,4 pF 
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Silicon planar epitaxial transistors 


P2927 78 
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Tamb (°C) 
Fig, 2 Maximum permissible . Fig. 3 Veg = 10 V; f = 100 MHz; — 
power dissipation, typical values. 
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Fig. 4 Tj = 25 °C; Vcg = 20 V; typical values. 
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BF494 


SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant intended for h.f. applications in radio and television receivers; 
it is especially recommended for f.m. tuners, low noise a.m. mixer-oscillators with high source imped- 
ance and i.f. amplifiers in a.m./f.m. receivers where a high current gain is of importance. 


QUICK REFERENCE DATA 








Collector-base voltage (open emitter) VCBO max. 30 V 
Collector-emitter voltage (open base) VcEQ max. 20 V 
Collector current (d.c.) le max. 30 mA 
Total power dissipation up to Tampb = 75 °C Prot max. 300 mW 
Junction temperature Tj max, 150 °C 
D.C. current gain at Tj = 25°C 

lc=1mMA;Vce=10V Nee typ. 115 
Transition frequency 

le = 1mA; Vee = 10V ft typ. 260 MHz 
Noise figure at f= 100 MHz 

lc = 1 mA; Vce = 10 V; Gg = 10 mA/V F typ. 4 dB 
Conversion noise figure at f = 1 MHz 

lc = 1mMA; Vce = 10 V; Gs = 1,2 mMA/V Fe typ. 2 dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-9? variant. 


TET0996.2 





diameter within 2,5 max 
is uncontrolled - |< 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) VcBO 
Collector-emitter voltage (open base) VCEO 
Emitter-base voltage (open collector) VEBO 
Collector current (d.c.) Ic 
Collector current (peak value) Ic 
Total power dissipation up to Tamp = 75 OC Prot 
Storage temperature T stg 
Junction temperature Tj 


THERMAL RESISTANCE 


From junction to ambient in free air 4 Rth j-a 


CHARACTERISTICS 


Tj = 25 oC 
Base-emitter voltage 1) 

lc=1mA; Vce=10V VBE 
Base current 

Ic = 1mMA; Veg = 10 V2) Ip 


Feedback capacitance at f = 0,45 MHz 
lc = 1mMA; Vee = 10 V Cre 


1) Vge decreases by about 1,7 mV/K with increasing temperature. 
2) BF494B Ip 
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max. 30 
max, 20 
max. 5 
max. 30 
max. 30 
max. 300 
—65 to + 150 
max. 150 
= 0,25 
0,65 to 0,74 
45to 15 

typ. 8,7 
typ. 0,85 
45to10 


V 

V 

V 
mA 
mA 
mw 
oC 
oC 


OC/mW 


LA 








CHARACTERISTICS (continued) 


Transition frequency 


Ic = 1mA; VcR=10V 


Noise figure 
Ic = 1 mA; VcR=10V 
Gg = 2mA/V; f = 0, 2 MHz 
Gg = 1,5mA/V; f = 1,0 MHz 
Gg = 10mA/V; f = 100 MHz 


Conversion noise figure 





In = 1 mA; Vogp=10V F 
Gog = 0,6mA/V; f = 0,2 MHz 
= 1,2mA/V; f = 1,0 MHz 


G2 
wn 
} 


y parameters at f = 100 MHz (common base) 


lc = 1 mA; Vcg = 10 V (lead length = 3 mm) 


Input conductance 

Input susceptance 

Feedback admittance 

Phase angle of feedback admittance 
Transfer admittance 

Phase angle of transfer admittance 
Output conductance 


Output susceptance 


; parameters (common emitter) 





Ic = 1 mA; Vcr = 10 V (lead length = 3 mm) 
Input conductance 


Output conductance 
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Tj = 25 °C 
typ. 1,5 dB 
typ. 1,2 dB 
typ. 4 dB 

Fe typ. 3 dB 

Pe typ. 2 dB 
Sib typ. 32. mA/V 
Yrb| typ. 500 =pA/V 
Orh Cyp. 2720 

| Yfb | typ. 33. mA/V 
fh typ. 150° 

Sob typ. 22° A/V 
bob typ. 1,1 mA/V 





f = 10,7 MHz | f = 0,45 MHz 


Zie =< 0,64 | 0,54 mA/V 
Zoe < 13,5 | 11,5 pA/V 
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between bee and emitter and Tc = 2mA) fee the base 
40|resistance applied 
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BF495 





SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant intended for h.f. applications in radio and television receivers; 

it is especially recommended for f.m. tuners, i.f. amplifiers in a.m./f.m. receivers where a low transistor 
output conductance is of importance, a.m. input stages of car radios where a low noise figure at low source 
impedance is required. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO max. 30 V 


Collector-emitter voltage (open base) + VCEO max. 30 V 
Collector current (d.c.) lc max. 30 mA 
Total power dissipation up to Tamh = 75 9C Prot max. 300 mW 
Junction temperature Tj max. 150 9C 
D.C. current gain at Tj = 25 °C 

lc =1mA; Vee = 10V hee typ. 67 
Transition frequency 

lc=1mA; Vce = 10 V fT typ. 200 MHz 
Noise figure 


lc = 1mA; Vee = 10V 





Ge = 20 mA/V; f = 1 MHz F typ. 3,5 dB 
Ge = 10 mA/V; f = 100 MHz r typ. 4 dB 
MECHANICAL DATA Dimensions in mm 

Fig. 1 TO-92 variant. es 
3 J 
4 0,40 
1 4 min 
2 
je 5,2max —+————_ 12, Jmin ——> 


9z70094,2 —_—— 





diameter within 2,5max | 
is uncontrolled — = 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) VcsBo 
Collector-emitter voltage (open base) VCEG 
Emitter-base voltage (open collector) VEBO 
Collector current (d.c.) Ic 
Collector current (peak value) lcm 
Total power dissipation up to Tamp = 75 °C Prot 
Storage temperature Tstg 
Junction temperature Tj 


THERMAL RESISTANCE 


From junction to ambient in free air : Rth j-a 


CHARACTERISTICS 
Tj = 25°C 
Base-emitter voltage |) 
Io = 1 mA; VcE = 10 V vee 
Base current 
—~ = Ic¢=1mA;VceE = 10 V 2) fe 


Feedback capacitance at f = 0,45 MHz 
lc=1mA; Vee = 10V Cre 


1) Vpe decreases by about 1,7 mV/K with increasing temperature. 
— 2) BF495C 
BF495D 6 
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max, 30 V 
max. 20 V 
max. 5 V 
max, 30 mA 


max, 30 mA 
max, 300 mW 
—65 to+ 150 9C 
max. 150 °C 


= 0,25 °C/mW 


0,65 to0,74 V 


8 to 28 wA 
typ. 15 pA 
typ. 0,85 pF 

B8to 15 wA 

13 to 28 wA 


BF495 





CHARACTERISTICS (continued) qj = 25 
Transition frequency 
Ic = 1 mA; Vop =10V fr typ. 200 MHz 


Noise figure 
Ic = 1 mA; Vog = 10 V 
Go = 20mA/V;f= 1 MHz F typ. By 
Gs = 10 mMA/V;f = 100 MHz F typ. 4 dB 


on 
am 
a3 


Conversion noise figure 
Ie = 1 mA; Vep=10V 


Gg = 1,2mA/V; f = 0, 2 MHz Fo typ. 4B 
Gg =1,5mA/V;f= 1 MHz Fo typ. 2,5 dB 


y parameters at f = 100 MHz (common base) 
Ic =1 mA; Vog = 10 V (lead length = 3 mm) 


Input conductance Lib typ. 34. mA/V 
Input susceptance bib typ. 1 mA/V 
Feedback admittance lYrb| typ. 490 pA/V 
Phase angle of feedback admittance ied, typ. 2725 
Transfer admittance \Ytb| typ. 34. mA/V 
Phase angle of transfer admittance Ofh typ. 144° 

Output conductance Zob typ. 12 HA /V 
Output susceptance Dob typ. 1,1 mA/V 


y parameters (common emitter) 





Ic = 1 mA; Vor = 10 V (lead length = 3 mm) i; f£=0,45 MHz 
Input conductance Pie = 0,96 0,86 mA/V 
Output conductance Zoe < 9,5 7,0 pA/V 
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BF495 


7Z208228,2 
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BF 496 





SILICON PLANAR TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant intended for v.h.f. applications, e.g. a3 gain controlled pre- 
amplifier in v.h.f. television and f.m. tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO ~——max. 30 V 
Collector-emitter voltage (open base) VCEQ — max. 20 V 
Collector current (d.c.) Ic max. 20 mA 
Total power dissipation up to Tamph = 75 PC : Prot max. 300 mW 
Junction temperature Tj max. 150 °C 
Transition frequency 

—le_ =2mA; Veg = 10V TT typ. 550 MHz 
Maximum unilateral power gain 

—l— =3mA; Veg =10V;f= 50MHz GuM typ. 34 dB 

—le =3 mA; Vcp = 10 V; f = 200 MHz GUM typ. 27 dB 
Noise figure at optimum source admittance 

—le_ =2 mA; Veg = 10 V; f = 100 MHz F typ. 2 dB 

—Ie =3 mA; Vep = 10 V; f = 200 MHz F typ. 2,/ dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant 


FETOIIS.2 _ 





diameter within 2,5max_| 
is uncontrolled _ 
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BF 496 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector-emitter voltage (Ree = 1 kQ) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to Tamp = 75 °C 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 
Base current 
—le= 2mA;Vcg=10V 
—lp=12mA;Vcgp= 7V 


Emitter-base voltage 
—le= 2mA;Vcp=10V 


—Ip=12mA;Vep= 7V 
Transition frequency 
—Ip = 2mA;Vcg=10V 
—le= 4mA;Vep= 5V 
Feedback capacitance at f = 10,7 MHz 
lc = 1 mA; Vee = 10 V 
Noise figure at optimum source admittance 
—l—=3mA; Vcp = 10V; f= 50 MHz 
—le- =3 mA; Vep = 10 V; f = 200 MHz 
—Ie =2 mA; Vcpg = 10 V; f = 100 MHz 
Maximum unilateral power gain (common base) 
Yt |’ 
4GibSob 
—l—p=3mA; Veg =10V; f= 50 MHz 
—le =3 mA; Veg = 10 V; f = 200 MHz 
—le = 2 mA; Vcp = 10 V; f = 100 MHz 


Gum (in dB) = 10 log 
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VCBO 
VCEO 
VCER 
VEBO 
Ic 
ICM 
Ptot 

T stg 
Lt 


Rth j-a 


GUM 
GUM 


max. 30 
max. 20 
max. 30 
max. 3 
max. 20 
max. 20 
max. 300 
—65 to + 150 
max. 150 
= 250 
typ. 50 
< 150 
< 2,2 
typ. 0,84 
< 1,0 
typ. 550 
< 530 
typ “O58 
< 1,0 
typ. 1,9 
typ. 2,5 
typ. 2,0 
typ. 34 | 
typ. 27 
typ. 30 


K/W 


LA 


mA 


dB 
dB 


Silicon planar transistor BF496 





Y-parameters at f = 100 MHz (common base) 
lc =2mA; Vege = 10 V 


Input conductance Dib typ. 66 mA/V 
Input susceptance —bip typ. 15 mA/V 
Feedback admittance IY rb | typ. 190 mA/V 
Phase angle of feedback admittance ¥rb typ. 280° 

Transfer admittance l¥ fb | typ. 66 mA/V 
Phase angle of transfer admittance Fb typ. 155° 

Output conductance Dob typ. 15 pA/V 
Output susceptance bob typ. 660 A/V 


y-parameters at f = 50 MHz (common base) 
—le =3 mA; Vcp= 10 V 


Input conductance P dib typ. 9,5 mA/V 
Input susceptance —bip typ. 12 mA/V 
Feedback admittance l¥rb | typ. 100 pA/V¥ 
Phase angle of feedback admittance Prb typ. 2709 

Transfer admittance IY fb | typ. 95 mA/V 
Phase angle of transfer admittance Yfb typ. 160° 

Output conductance dob typ. 10 pA/V 
Output susceptance Dob typ. 350 ywA/V 


y-parameters at f = 200 MHz (common base) 
—le- =3 mA; Vcp=10V 


Input conductance Jib typ. 70 mA/V 
Input susceptance —bip typ. 46 mA/V 
Feedback admittance IY rb | typ. 340 pA/V 
Phase angle of feedback admittance rb typ. 2759 

Transfer admittance | ¥fb | typ. ~ 85 mA/V 
Phase angle of transfer admittance YFb typ. 130° 

Output conductance Job typ. 75 pA/V 
Output susceptance Dob typ. 1,3 mA/V 
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BF926 


SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a TO-92 envelope intended for use as preamplifier, mixer and oscillator in v.h.f. and 
u.h.f. tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —Vcpo max. 30 V 


Collector-emitter voltage (open base) —-VcEQO max. 20 V 
Collector current (d.c.) —I¢ max. 25 mA 
Total power dissipation up to Tamb = 45 OC Prot max. 250 mW 
Junction temperature Tj max. 150 9C 
Transition frequency at f = 100 MHz 

le =1mA;—Vepg = 10 V fv typ. 350 MHz 
Noise figure at f = 200 MHz 

lp =1mMA;—Vep = 10V F < 6 dB 
Transducer gain (common base) 

lp =3 mA; —Vepg = 10 V Gt, > 14 dB 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 





-9270994.2 






diameter within 2,5max a 
is uncontrolled 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
-VcBO 
—-VCEO 
—VEBO 
Prot 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 


Total power dissipation up to Tamph = 45 OC 


— Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 oC 
Collector cut-off current 
le =0;-Vep=20V 
Base current 
le =1mA;—-Vep = 10V 
Collector-base breakdown voltage 
open emitter; —Ilc = 10 yA 
Collector-emitter breakdown voltage 
open base; —Ic = 2 mA 


Emitter-base breakdown voltage 
open collector; —l_ = 10 nA 


Transition frequency at f = 100 MHz 
le = 1mA;—Vep = 10V 
le =5 mA; —Vcpg=10V 
Feedback capacitance at f= 1 MHz 
le =1mMA;—Vep = 10 V 


Noise figure at f = 200 MHz 
le=1mA;—Vep = 10V 


Transducer gain (common base) at f = 200 MHz 
le =3 mA; —Vep = 10 V; Rg = 6092; Ry, =9200 
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Ts 


qj 


tg 


Rth j-a 


—!ICBO 

~Ip 
—V(BR)CBO 
—ViBR)CEO 
—-V(BR)EBO 


fy 
fT 


max. 30 
max. 20 
max. 4 
max. 25 
max. 250 r 
—65 to + 150 
max. 150 
= 420 
< 50 
<= 33 
> 30 
> 20 
> 4 
typ. 350 
typ. - 500 
400 to 700 
typ. 0,5 
typ. 5 
< 6 
= 14 
typ. 17,5 


nA 


pA, 





SILICON PLANAR TRANSISTOR 


BF936 


P-N-P transistor in a TO-92 envelope intended for use in h.f. amplifiers and also in mixer and oscillator 


stages in v.h.f. and u.h.f. television receivers. 


QUICK REFERENCE DATA 


_—_——— ee 


Collector-base voltage (open emitter) 





Collector-emitter voltage (open base) 
Collector current (d.c.) 
Total power dissipation up to Tamph = 45 PC 
Junction temperature 
D.C. current gain 
le = 1mA;—Vep = 10V 
Transition frequency at f = 100 MHz 
le =1mA; —Vep = 10 V 
Noise figure at f = 200 MHz 
le =] mA; —Vcg =10V 


Transducer gain (common base) 
le = 3 mA; —Vecp = 10 V; f = 200 MHz 


MECHANICAL DATA 
Fig. 1 TO-92 variant. 





diameter within 2,5max 
is uncontrolled 





max 30 V 
max 20 V 
max 25 mA 
max. 250 mW 
max. 150 °C 
> 25 


typ. 350 MHz 
<= 6 dB 
> 14 dB 


Dimensions in mm 


T270996.2 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134} 
—-VcBo 
—-VCEO 
—-VEBO 
Prot 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Total power dissipation up to Tamp = 45 °C 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient tn free air 


CHARACTERISTICS 


Collector cut-off current 
lp =0;-Veg =20V 


Base current 


le=1mA;—Vep=10V 
Collector-base breakdown voltage 
open emitter; —Ic¢ = 10uA 
Collector-emitter breakdown voltage 
open base; —lce = 2mA 


Emitter-base breakdown voltage 
open collector; —le = 10 uA 


D.C. current gain 


le=1mA;—Vep=10V 
Transition frequency at f = 100 MHz 

le=1mA;—-Vep= 10V 
Feedback capacitance at f= 1 MHz 

lE=1mA;—Vep=10V 


Noise figure at f = 200 MHz 
leE=1mA;—Vepg= 10 V; Rg = 502 


Transducer gain (common base) at f = 200 MHz 
le =3 MA; —Vcp = 10 V; Rg = 60 82; Ry = 920 22 





October 1984 


T stg 
Tj 


Rth j-a 


—lcBo 

—Ip 
—V(BR)CBO 
—V(BR)CEO 
—V(BR)EBO 


NFE 


fT 


max 30 
max. 20 
max. 4 
max. 25 
max. 250 

—65 to +150 
max. 150 

420 | 

< 50 
<. 38 
> 30 
= 20 
> 4 
> 25 
typ. 350 
typ. 0,9 
typ a 
<= 6 
> 14 
typ 17,5 


nA 


uA 





BF939 





SILICON PLANAR TRANSISTOR 


P-N-P transistor in a TO-92 envelope intended for application as a gain controlled preamplifier in v.h.f. 
tuners. 


QUICK REFERENCE DATA 


=a 





Collector-base voltage (open emitter) —VcBO max. 30 V 
Collector-emitter voltage (open base) —-VCEO max. 25 V 
Collector current (d.c.) —Ic max. 20 mA 
Total power dissipation up to Tampb = 55 OC . Prot max. 225 mW 
Junction temperature Tj max. 150 °C 


Transition frequency at f = 100 MHz 

le =2mA;—-Vep=i10V tT typ. 750 MHz 
Noise figure at f = 200 MHz 

le =2mA;—Vcp = 10V 

Rs = 6092; Ry = 1k& F typ. 2,5 dB 
Transducer gain (common base) 

Ip = 2mA;—Vecp = 10 V; f = 200 MHz 

Rs = 60 22; Ry =1kQ Gtr typ. 16 dB 


MECHANICAL DATA Dimensions in mm 
Fig. 1 TOQ-92 variant. 


FZIOGRG 2 a 





diameter within 2,5max 
is uncontrolled 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) —VcBo max. 30 V 
Collector-emitter voltage (open base) -VcEO max. 25 V 
Emitter-base voltage (open collector) —VEBO max. 3:.V 
Collector current (d.c.) =—Il¢ max. 20 mA 
Total power dissipation up to Tapp = 55 °C Prot max. 225 mW 
—* Storage temperature T stg —65 to +150 °C 
Junction temperature Tj max. 150 °C 





314 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 420 K/W 
CHARACTERISTICS 7 
Collector cut-off current 

le =0;—Vegp= 15 V —IlcBo < 100 nA 
Emitter cut-off current 

lc =0;-Vegpa1V —leEBO < 100 nA 
Base current 

= — =z 1. typ. 55 wA 

lp =2mA;—-—Vep= 10V Ip < 125 uA 

—lc=9mA;—-Vee=4V —lIp = 3,6 mA 
Collector-base breakdown voltage 

open emitter; —lc = 10 pA —ViBR)CBO => 30 V 
Collector-emitter breakdown voltage 

open base; —Ic- = 1mA —V(BR)ICEO => 25 V 
Emitter-base breakdown voltage 

open collector; —lp = 10 phA —-V(BRJEBO > ~~ av 
Transition frequency at f = 100 MHz 

le = 2,0 mA; —Vcp = 10V fT typ. 750 MHz 

le =6,5 mA;—Vecp =5,5 V fr <= 200 MHz 
Feedback capacitance at f = 500 kHz 

le =0;-—Veg =10V Cre typ. 0,7 pF 

=): — = typ. 135 fF 

le =0;—Veg =10V Crh i 160 fF 
Noise figure at f = 200 MHz | 

IE = 2 mA; —Vcg = 10 V; Rg = 60.2; RE = 1k2 F jl Mie 


Transducer gain (common base) at f = 200 MHz 
lp = 2 mA; —Vep= 10 V; Ro = 6022; Ry = 1k Gtr typ. 16 dB 
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Silicon planar transistor BF939 
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Fig. 2 —Vcp = 10 V; f = 100 MHZ; Tamb = 25 OC. 
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Fig. 3 Circles of constant noise figure. 
—Vecg = 10 V; le = 2 mA; f = 200 MHz; 
Tamb = 25 @C; typical values. 
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SILICON PLANAR TRANSISTOR 


P-N-P transistor in a plastic T-package, primarily intended for application as gain controlled preamplifier 


in u.h.f. television tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBO max. 


Collector-emitter voltage (open base) —VcEO max. 
Collector current (d.c.) —Ic max. 
Total power dissipation up to Tamph = 55 OC Prot max. 
Junction temperature Tj max. 


Transition frequency at f = 100 MHz . 

le =3mA;—Vep = 10 V fT typ. 
Noise figure (common base) 

le =3 mA; —Vep = 10 V; f = 800 MHz 

Rs = 60 £2; R, = 500 2 F typ. 
Transducer gain (common base) 

le = 3 mA; —Vecpg = 10 V; f = 800 MHz 

Rs = 6092; Ry = 5002 Gtr typ. 


MECHANICAL DATA i 
Fig. 1 SOT-37. 
| 
| 
| 







Connections 


1. Emitter 
2. Base 
3. Collector 





(1) = type number marking. 
= Products approved to CECC 50 002-127, available on request. 


|| 1,2 max 


| -4,05 max 


30 V 
30 V 
20 mA 
160 mW 
150 °C 


900 MHz 


4 dB 


13 dB 


Dimensions in mm 


eo 51min — 


T2 TULF 
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BF967 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-base voltage (open emitter) —Vcso max. 30 V 
Collector-emitter voltage (open base) —VcEO max. 30 V 
Emitter-base voltage (open collector) —VEBO max. 3.V 
Collector current (d.c.) —Ic max. 20 mA 
Base current (d.c.) —Ip max. 5 mA 
Total power dissipation up to Tam = 55 OC Prot max. 160 mW 
Storage temperature Tstg —55 to +150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 600 K/W 
CHARACTERISTICS 
Collector cut-off current 
le =0;-—Vep=i15V —IcBo = 100 nA 
Emitter cut-off current 
lc =0;-—VegpzlVv —lEBO = 100 nA 
Collector-base breakdown voltage 
open emitter; —-lc = 10 nA -VIBR)CBO => 30 V 
Collector-emitter breakdown voltage 
open base; —Ic = 1 mA —-VIBRICEO => 30 -V 
Emitter-base breakdown voltage 
open collector; —lp = 10 nA —-VIBR)JEBO => 3 V 
D.C, current gain 
> 15 
le =3mA;—Vece = 10V hee typ. - 60 
le=/mA;—Vce=4V hee > 10 
Transition frequency at f= 100 MHz 7 900 MHz 
aaa | iB etl iF 700 to 1100 MHz 
le=7mA;—-Vcegp=5V fr < 200 MHz 
Feedback capacitance at f = 500 kHz 
le =1mA; —Vep = 10 V Crea typ. 0,45 pF 
Se _ typ. 115 fF 
le = 0;-Vep=10V Crh - 140 4F 
Noise figure (common base) 
le =3 mA; —Vep = 10 V; f = 800 MHz 
Rg = 60 2; Ry = 5002 F ie pe 
Transducer gain (common base) 
l—e = 3 mA; —Vep = 10 V; f = 800 MHz > 11 dB 
Rs = 60 ©; R, = 500 2 Gtr typ 13 dB 
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Silicon planar transistor BF9O67 
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Fig. 2 —Vep = 10 V; f = 100 MHz; Tamp = 25 OC. 
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BF967 
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Fig. 4 Circles of constant noise figure. Fig. 5 Circles of constant noise figure. 


7282209 


Measuring conditions: 

Fig. 4 —Vcp = 10 V; Ie = 3 mA; f = 200 MHz; 
Tamb = 25 °C; typical values. 
Fig. 5 —Vcog = 10 V; Ie = 3 mA; f = 800 MHz; 
Tamb = 25 ©C; typical values. 





Fig. 6 —Vec = 12 V; Re = 1kQ; Ry = 500 2; 
0 5 Ie (mA) = 10 f = 800 MHz; Tampb = 25 °C. 
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Silicon planar transistor 





Conditions for Figs 7 to 10: Ip = 3 mA; —Vcp = 10 V; Tam = 25 OC; typical values. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


P-N-P transistor in a plastic T-package intended for application as self-oscillating mixer stage in u.h.f. 
tuners. 


QUICK REFERENCE DATA 


— a ee ee a ee eee 





Collector-base voltage (open emitter) —-VcBO max, 40 V 





Collector-emitter voltage (open base) —-VcEO max. 35 V 
Collector current (d.c.) —Ic max. 30 mA 
Total power dissipation up to Tamp = 55 PC ; Prot max. 160 mW 
Junction temperature Tj max. 150 °C 
Transition frequency at f= 100 MHz 

le =3 mA; —Vep=10V fT typ. 900 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-37. 
Connections i 
1. Emitter 
2. Base 
3. Collector 





0,24 max ' 1,05 max 


4,2 max le | 7273906.,3 


| yt |< — 
max 


(1) = type number marking. 
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BF97/0 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.} 

Emitter current (d.c.) 

Total power dissipation up to Tamph = 55 °C 
otorage temperature 

Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air ‘ 


CHARACTERISTICS 
Collector cut-off current 
le =0; -Vep =20V 
Emitter cut-off current 
lc =0;—VeRp=1V¥ 
D.C. current gain 
—lc =3 mA; —Ve_p = 10V 
Transition frequency at f = 100 MHz 


le =3.mA; —Vep = 10 V 
le =7 mA; —-Vcogp=5V 


Feedback capacitance at f = 1 MHz 
lp =0;-Veg =10V 


le = 1mA;—Vcp=5V 


Noise figure at Rg = 60 £2 
lg = 3 mA; —Vcp = 10 V; f = 200 MHz 


le =3 mA; —Vocp = 10 V; f = 800 MHz 


Transducer gain (common base) at f = 800 MHz 
le =3 mA; —Veopg = 10 V; Rg = 60 2; R_ = 500 22 
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—-VcBO 
-VCEO 
-VEBO 
— | c 

lE 

Prot 

T stg 

Tj 


Rth j-a 


max. 40 
max. 35 
max. 3 
max. 30 
max. 35 
max. 160 
—55 to + 150 
max. 150 
= 600 
< 100 
<= 100 
> 25 
typ. 50 
typ. 500 

750 to 1060 
> 400 
typ. 700 
typ. 110 
< 140 
typ. 475 
typ. 2,6 
typ. 4/7 
<= 6,0 
> 13,0 
typ. 14,5 





V 

V 

V 
mA 
mA 
mV 
oC 
oC 


K/W 


nA 


nA 


MHz 
MHz 
MHz 
MHz 


fF 
fF 
fF 


dB 


dB 
dB 


dB 
dB 








SILICON PLANAR TRANSISTOR 





P-N-P transistor in a subminiature plastic T-package, primarily intended for application in r.f. stages in 


u.h.f. tuners using p-i-n diode attenuators. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter} —VcBo max. 


Collector-emitter voltage (open base) —VcEO max. 
Collector current (peak value) —lem max. 
Total power dissipation up to Tamp = 55 °C Prot max. 
Junction temperature qj max. 


Transition frequency at f = 100 MHz 
le = 10 mA; —-Vcp= 10 V fT typ. 


Noise figure (common base) 
le = 10 mA; —Vecp =10 V; f = 800 MHz 
Rg = 60 22; Ry = 50022 F typ. 


Transducer gain (common base) 
le = 10mA; —Vep = 10 V; f= 800 MHz 
Rg = 60 22; Ry = 500 22 Gtr typ. 


MECHANICAL DATA 
Fig. 1 SOT-37. 


Connections 


1. Emitter 
2. Base 
3. Collector 


0,24 max 





(1) = type number marking. 





20 
20 
30 
140 
125 


1350 


45 


16 





MHz 
dB 


dB 


TL7I904, 3 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-base voltage (open emitter) —VcBO max. 20 V 
Collector-emitter voltage (open base) -~VCEO max. 20 V 
Emitter-base voltage (open collector) —-VEBO max. 3 MV 
Collector current (peak value} —lem max. 30 mA 
Base current (d.c.) —Ip max. 10 mA 
Total power dissipation up to Tamp = 55 OC Prot max. 140 mW 
Storage temperature Tstg —55 to +125 OC 
Junction temperature Tj max. 125 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 500 K/W 


CHARACTERISTICS 


Collector cut-off current 

le =0;—Vep=15V ‘ —IcBO < 100 nA 
Emitter cut-off current 

lc =0;—Vep=1V —lepo < 100 nA 
Collector-base breakdown voltage 

open emitter; —Ic = 10 pA -VIBRICBO => 20 V 
Collector-emitter breakdown voltage 

open base; —Ic = 1 mA —-VIBR)CEO > 20 V 
Emitter-base breakdown voltage 

open collector; —lp = 10 HA -ViBRJEBO => 3 V 
D.C. current gain 

lp =2mA; —Vcp= 10V hee > 15 

le = 10 mA; —Vcp = 10 V hFe > 20 
Transition frequency at f = 100 MHz 

le = 10mA; —Vep= 10V fT typ. 1350 MHz 

le =15mA;—-Vep=5V t+ typ. 1000 MHz 
Feedback capacitance at f = 500 kHz 

le =0;-—Veg=10V Cre typ. 0,65 pF 

le =0;-—Vepg= 10V Crh typ. 120 fF 
Noise figure (common base) 

le = 10 MA; —Vep = 10 V; f = 800 MHz - typ. 45 dB 

Rs = 60 2; Ry = 500 2 < 6,0 dB 


Transducer gain (common base) 
le = 10 mA; —Vcp = 10 V; f = 800 MHz 
Rg = 60 2; Ry = 5002 By typ. 16 dB 
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Silicon planar transistor BF9/79 
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Conditions for Figs 5 to 8: I_ = 10 mA; - 
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; Tamb = 25 °C; typical values. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant envelope primarily intended for use in active probes, 
frequency multipliers and linear amplifiers. 


QUICK REFERENCE DATA 





Collector-base voltage (open emitter) | VcBO max. 40V 
Collector-emitter voltage (open base) VCEQ max. 15 V 
Collector current (peak value) lem max. 500 mA 
Total power dissipation up to Tamp = 25 OC ° Prot max. 500 mW 
D.C. current 

Ic = 10 mA; Vee =1V hee he 40 
Transition frequency at f = 100 MHz 

leat mA; Voce = TONG: ff > 500 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


a 
4 0,40 
2 7 min 
| 
lea Aye | ~ 
| ma | . 
| 1,6 _ | re 5,2max —— ——$— 12,7 min —__—__— 
| 
- 
| 0.49 
| : max 
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diameter within 2,5max 
is uncontrolled — 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (Vppe = 0) 
Collector-emitter voltage (open base} 
Emitter-base voltage (open collector) 
Collector current (peak value; tp = 10 us) 
Total power dissipation up to Tamph = 25 OC 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 
Collector cut-off current 

le =0; VeR=20V 

= " = ey. = o 

le =0; Veg =20V; Tj 125°C 
Emitter cut-off current 

lc =0;VeRn=2V 
Saturation voltage 

Ic = 10 mA; Ip =1mA 


Knee voltage 


Ic = 45 mA; |p = value for which 
Ic = 50 mA at Vecp H2V 
D.C. current gain 
Ic =10mA; Vee =1V¥ 
Transition frequency at f = 100 MHz 
Ic = 10 mA; Veg = 10 V 
lc = 40 mA; Vee = 10V 
Collector capacitance at f= 1 MHz 
le =le=O0; Veg =z5V 
Emitter capacitance at f = 1 MHz 
lc =1_.=0; Veg =zlV 


Maximum unilateral power gain (Y¥pe assumed to be zero) 


y z 
Gym (in dB) = 10 log lve |* 


JieGoe 
lc = 10 mA; Vee = 10 V; f = 200 MHz 
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VcBO 
VCES 
VCEO 
VEBO 
ICM 
Prot 

T stg 
Tj 


Rth j-a 


Ce 


GUM 


max. 40 
max. 40 
max. 15 
max. 45 
max. 500 
max. 500 
—65 to + 150 
max. 150 
= 250 
< 400 
< 30 
< 100 
< 0,25 

0,70 to 0,85 
< 0,8 
> 40 
> 500 
> 490 
= 4 
<= 45 
typ. 19 


K/W 


pF 


dB 


Silicon planar epitaxial transistor BFR54 
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Fig. 3 Vcg = 10 V; Tj = 25 OC. 
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Fig. 4 Veg = 10 V; Tamb = 25 OC; typical values. 
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Fig. 5 Vep = 10 V; Tamb = 25 OC; typical values. 
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Silicon planar epitaxial transistor BFR54 
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Fig. 7 Vop = 10 V; Tamb = 25 OC; typical values. 
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Fig. 8 Veg = 10 V; Tamb = 25 OC; typical values. 
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Fig. 9 Veg = 10 V; Tamb = 25 OC; typical values. 
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Silicon planar epitaxial transistor 
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SILICON P-N-P HIGH-VOLTAGE TRANSISTORS 


Planar epitaxial transistors in TO-39 metal envelopes, intended as general purpose 
amplifiers and switching devices in industrial and telephone applications. 













QUICK REFERENCE DATA 
BFT 44 |BFT45 








Collector-base voltage (open emitter) -Vcpo max. 300 250 \ 
Collector-emitter voltage (open base) 7 -VcrRo max. 300 230 V 
Collector current (d.c.) =I max. 0,5 A 
Total power dissipation up to Tease = 90 9C Prot max. 2,0 W | 
Junction temperature T; max. 200 a | 
D.C. current gain | 
—Ie = 10 mA; ~Vcr =10 ¥V hpR 50 to 150 | 
Transition frequency at f = 35 MHz | 





-ic = 15 mA; -Vcg = 10 V fr typ. 70 MHz | 






MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case . 


max. < 
ax 
7 oe 
1,0 . 8,9 = 
max max 
- — 


max min mr vaseaz2. 


5,08 | 





a— 34 
max 


max. lead diameter is guaranteed only for 12,7 mm 


Accessories: 56245 (distance disc). 
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RATINGS Limiting values in accordance with the Absolute Maximum System (JEC 134) 


Voltages 








Collector-base voltage (open emitter) -Vcro max. 
Collector-emitter voltage (open base) -VCEO max. 
Emitter-base voltage (open collector) EBO max. 
Current 
Collector current (d.c.) =I max. 0,5 
Power dissipation 
Total power dissipation up to Teace = 50 °C Prot max. 5,0 
: ______—s7 276518 
maximum permissible power 
| dissipation versus case temperature 
| SESEEHE 
ppt tap pabtd fe 
a 
| 
100 a 
| 
Prot . 
(%) a 
LI 
50 
) PPE ETA TLE 
RRR 
Oe ee 
Seay SRR 
RAS? SRR AR save 
0 KEE CCCCEECCee 
0 100 200 
Tecan (70) 
Temperatures 
Storage temperature T stg -65 to +200 
Junction temperature Tj max. 200 
THERMAL RESISTANCE 
From junction to ambient in free air Reh j-a . = 200 
From junction to case Rth ;- = 30 
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W 


sas 
9c 


°C/W 
°C/W 
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CHARACTERISTICS 
Collector cut-off current 

Ir = {): -Vicp = 700 V 

_— te ifn - SN We Te = = 0 

Ip = 0: -Vop = 200 Vi Tj = 125 °C 
Emitter cut-off current 

Iq = 0: -VERB ROY 
Collector-emitter sustaining voltage 
= 25 mH 


-le = 10 mA: Ip 20: Lb 


Test circuit for Veroecust 










L = 25 mH 
Vier 
hor. 
kU.LT. oscilloscope 


1102 vert. 


7272966 


Saturation voltages 








~“Ic = 10 mA; -Ip= 1mA 
~Ic = 100 mA; -Ip= 10 mA 

; BFT44 

-I- = 500 mA: -Ip = 100 mA = 

c er iE m BET45 

D.C. current gain 

“Ic = 1mA;-VocF=10V 
-Ic = 10mA:-Verp=10V 
-Ic = 100 mA; -Vep = 10 V 


Collector capacitance at f = 1 MHz 





Ip =Ie=0 :-Vop=20V 


BFT44 
BFT45 





Tj = 25 ° unless otherwise specified 


~ICBO = 5 HA 
-ICEO < 300 LA 
-I BBO < 5 aa 





-VCEQOsust 


Oscilloscope display for VCROsust 


7272997 





~VCEsat = 0,5 V 
~VBE sat 7 0,8 3 
-VoEsat - 1,4 Vv 
~VBE sat r 0,9 ¥ 
-~VCEsat = 3,0 V 2) 
~VBE sat re 1,2 ¥.*) 

hFpR > 30 

hRE 50 to 150 

hERE > 50 2) 

Ge < io pF 


ly -Voc = 0 to 50 V: £ = 400 Hz: 6 = 0,5 (see also test circuit). 
4) Measured under pulse conditions: tp = 300 ps: 6 = 0, 02. 


April 1977 
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BFT45 
CHARACTERISTICS (continued) Tj = 25 °C 
Transition frequency at f = 35 MHz 
-Ic = 15 mA; -Ver =10V fT typ. 70 MHz 


switching times 


tan “UT, 135 ‘ 
“Icon = 90 mA; ~IBon = Ipofg = 5 MA (test circuit 1) on = tYP 25 os 


toff typ. 830 ns 


< eee, t typ. 125 ns 
-I = 500 mA; -!I =] = 100 mA (tes suit 2 gr 
Con Bon = IBoff = 100 (test circuit 2) toe typ. 125 as 


Test circuit 1 


Yoon =-31V 
tp = 10 ps 


-—11V 





| 7272964 
a 


Test circuit 2 


Vcc = -31V 


—16 V 





+ 
| 7272965 
4 
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F272975 


f = 35 MHz 





(MBz ee eee ee een 
aemeee Bad 
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BFT45 
15 —_ 7272973 
= (ee Sal 
—V = se 
CEsat as ae a EE 
—VBEsat | = a RE 
(iv) | . — ar i aa 
| ee ae re a 
nf mf |] 
10| = Ba 
| | 1 


m= SHE ae om a 
as (a ae i a 
a a SS (SP BEE: 





15 -— 
typ. values 


~VCEsat 
—VBEsat 

(V) 
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pe] — | 
1.0 Fer Se Fame ft os a Fa 9 fer 
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= 
SILICON PLANAR EPITAXIAL TRANSISTORS = 


P-N-P transistors in TO-39 metal envelopes for general industrial applications. 


QUICK REFERENCE DATA 


BFX29 9 | BFX87 | BFX8s BFEX87 BFX88 


ne 








Collector-base voltage (open emitter) —VcBO max. 60 50 tote 40 V 
Collector-emitter voltage (open base) —VcEQ max. 60 50 40 V 
Collector current (peak value) —lem max. 600 600 600 mA 
Total power dissipation up to Tamp = 25°C — Pet max. 600 600 600 mW 
D.C. current gain 
a ; = | > 50 40 40 

a0 Mey PE aby MFE typ, «= 125 S| «128 |s«128 
Transition frequency at f = 100 MHz 

—Ic = 50 mA; —Vce= = We iT > 100 | OO eet 100 100 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-39. 
Collector connected to case 


| eee Obl 
as max 


os 6.6 on 12,7 
max 


min 72593221 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


= Products approved to CECC 50 002-071, available on request. 
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DFAZY 
BF X87 
BFX88 


RATINGS 








Limiting values of operation according to the absolute maximum system. 


Electrical 


Tom max. 


P max, (T 
am 


oO 
= 
tot sceues. 


b 
Temperature 

T5tg range 

B" max. 


THERMAL CHARACTERISTIC 


* eh (j-amb) 


BFXA29 
60 
60 
2.0 


50 
30 
4.0 


BFX87 BFX88& 


40 
40) 
4.0 
600 
600 
600 
600 
-65 to +200 
+200 
292 


ELECTRICAL CHARACTERISTICS i" 25°C unless otherwise stated) 


-| Collector cut-off current 


CBO a 
Vor 60V, I 
-V 


op 50V, I 
=40V, I 


Ee’ 


g? 


=() 
E 


-! Emitter cut-off current 


EBO 
=V = 5.0V, =() 
EB lo 


No t0Y, 1.0 


-V .,=3.0V, 1,=0 
EB Cc 
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BFX29 
BFA87 
BFX88 


BFX29 
BEX87 
BFX88 


BFX29 
BFX87 
BFX88 
BFX29 


BF X87, 88 


BFX29, 87, 
BFXS8S 


Min. 


Typ. 
1.0 500 
1.0 500 
1.0 500 
0.5 50 
0.5 50 
0.5 50 
0.93 2, 
Gog" "S 
0.03 2 
30 500 
2.0 500 
1.0 100 


degC /W 


Max. 


nA 
nA 
nA 


nA 


nA 
nA 


0 pA 


0 pA 


.0 LA 


nA 
nA 


nA 
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ELECTRICAL CHARACTERISTICS (cont'd) 
Min. Typ. Max. 


h. Static forward current 
FE 2 : 
transfer ratio 


“1, =0.1mA, “Vag lV BFAZ9 20 90 - 


-I,=1.0mA, -V,,=10V BFX29,87, 
BFX88 40 105 - 


“I, =10mA, “Vor =10V BFX29 90 125 = 
BFA87,88 40 125 - 


“1, =50mA, “Vop= 10V BFX29 90 125 = 


-I,=150mA,-V,,,=10V BFX29, 87, 
BFX88 40 90 7 


-I1_=500mA, -V...=10V BFX87,88 25 40 is 


GC CE 
Collector-emitter saturation 
voltage 
“1.* 150m.A, -1,* 1l5mA ~ 0.15 0.40 Vv 


~VoK (sat) 


Base-emitter saturation 

voltage 

-I_=30mA, -I_=1.0mA = a i 
Cc " “5B Be 


-V 
BE(sat) 


= 


. 90 V 
30 V 


_ 


“I. =150mA, -1* 1l5mA = 1,05 


Collector capacitance 


= =] : = — =]. WM = 6. | 
Vor OV, I, I, 0, f=1.0MHz 6.0 12 pF 


te 


Emitter capacitance 
-V_=2.0¥, 1, A1,=o: f=1.0MHz = 18 30 pF 


EB 
f Transition frequency 
“I, =50mA, Vor =10V, 


f=100MHz, T . =25°C 100 360 22 91M 
amb 


te 
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BFX29 
BFX87 
BFX88 







ELECTRICAL CHARACTERISTICS (cont'd) 


Saturated switching times (see test circuits) 


Min. Typ. Max. 
tn Turn-on time - 25 60 ns 
t ort Turn-off time - 55 150 ns 
h=-parameters 
Measured at -]_=l0mA, -V__=10V, f=1.0kHz, T =25 C 

Cc E amb 

Min Typ. Max 
he Input impedance al - 600 - 2 
a Voltage feedback ratio =- 1.50 - x10" 
h fe Forward current transfer ratio - 155 ~ 
he. Output admittance - 104 - umho 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 


November 1979 


the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


. Transistors may be dip-soldered at a solder temperature of 245°C for 


a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


. Care should be taken not to bend the leads nearer than 1.5mm from the 


seal. 


oO : . , 
. Ifdevices are stored at temperatures above 100 C before incorporation 





into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 








Silicon planar epitaxial transistors 





TEST CIRCUITS 


Saturated turn-on switching time 





Fig. 1 


Saturated turn-off switching time 





Fig.2 
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Permissible ‘area of operation: 


Peeters siaractpa head seageaeaa, 
aeueus attend fee 


MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


| 


1 ‘ 
aL —- ; d:— 


a Renity= Pence Ptnttor! * Pinitod 





if 7) Renis) = Steady state thermal resistance with d=1) 7 rT rH iT 
ell | Renito) = Transient thermal resistance with d=o0 | | | | | | | | | | 10? | 
ng Se Se eo 
10 10 10? 107" 10° 10" 
Puise duration (s) 


TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 
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“ICBO! P= BFX29 (-Veg=50V) 
BFS? (- peers: 





TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH JUNCTION TEMPERATURE 
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TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 


COLLECTOR-EMITTER VOLTAGES 
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Silicon planar epitaxial transistors 


vay | 
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Typical input characteristic 
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Typical base current versus 
junction temperature 
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jeri eerie : 





Of | +0 10 ae -Ie(ma) 
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TYPICAL VATIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 


WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE 
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Silicon planar epitaxial transistors 
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TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION 
VOLTAGE WITH COLLECTOR CURRENT 





November 1979 355 





“VBE (sat) 





TYPICAL VARIATION OF BASE-EMITTER SATURATION 
VOLTAGE WITH COLLECTOR CURRENT 
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TYPICAL VARIATION OF COLLECTOR CAPACITANCE WITH 
COLLECTOR-BASE VOLTAGE 





TYPICAL VARIATION OF TRANSITION FREQUENCY 
WITH COLLECTOR CURRENT 
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TYPICAL FORWARD CURRENT TRANSFER RATIO AND TYPICAL OUTPUT 
ADMITTANCE PLOTTED AGAINST COLLECTOR CURRENT 
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SILICON PLANAR EPITAXIAL TRANSISTOR 





P-N-P transistor in a TO-39 metal envelope intended for switching applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 


Collector-emitter voltage (open base) 


Collector current (peak value} 


Total power dissipation up to Tanp, = 25 OC 


D.C. current gain 
—Ic = 10 mA; —Vege = 0,4 V 


Storage time 


Se ee 





—Vcpo max. 65 V 
—-VcEO max. 65 V 
—ley,  =max. 600 mA 
Prot max. 600 mW 


pad typ. 90 
FE 50 to 200 
ts <= 250 ns 


MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case 





Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


Products approved to CECC 50 004-083, available on request. 





Dimensions in mm 


72599224 
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RATINGS 





Limiting values of operation according to the absolute maximum system. 


Electrical 
~Y CBO max. 65 V 
—\ 

\ CEO max. 65 V 
-VeRo max. 5.0 V 
“In max. 600 mA 
lan max 600 mA 
“Tom max , 600 maA 

Pp 7 <= 

l tot a: (T AR 29 C) 600 mW 

Temperature 2 
: o 
Tote min. -65 TE 
T.. Ganax. 200 ‘ 
sig P 
q, max. 200 Cc 
THERMAL CHARACTERISTIC 
Rencj-amb) 292 degC /W 
ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise stated) 
Min. Typ. Max. 
=|. Collector cut-off current 
CBO 
=F = h5 = = j ; 
\ CB 65V , ls 0 1.0 500 nA 
“V apm 50V, I, 0) - 0.5 50 nA 
“Vag 50V, TO 
T.=100°C s 0.03 2.0 wA 
“"EBO ee oe - 30 500 nA 
EB SG 
“Vip 2-OV, i. - 1.0 100 nA 
“Vir (sat) Base-emitter saturation 
voltage 
-1,=30m4, -1,,=1.0mA - 0.77 0.90 Vv 
= =] = =] = 2 : jl 
ln 50mA, I, omA 1.05 1.30 V 
h Static forward current 
FE : 
transfer ratio 
-I_=l1. , = =0.4V 40) 80 = 
la 1.0mA, Vor 
-[| = - =0,.4V 50 90 200 
a 10mA, Vor 0.4V 
-[ = -V =0.4V 20 92 - 
In 50mA, CE 
10 50 - 


“1, =150mA, “Vor =0.4V 
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ELECTRICAL CHARACTERISTICS (cont'd) 


Cc Collector capacitance 


te 
= =] = = 
Van 10V, I. I, 0, 


f=1.0MHz = 6.0 12 pF 


Emitter capacitance 


“Vg 2 OVE Taian es 


f=1.0MHz - 18 30 pF 


te 


Saturated switching times (see page 4) 


“I, =100mA, lon Boff 10mA, Veer =10V, Vierore 7 OY 

ty Delay time a= ] 15 ns 
E Rise time - 18 40 ns 
— Turn-on time (t,* t) - 27 50 ns 
= Storage time - 95 250 ns 
- Fall time - 30 30 ns 
tof Turn-off time (ttt) - 125 290 ns 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a4 maximum soldering time of 5 seconds. The case temperature during = 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


8. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


4. Ifdevices are stored at temperatures above 100°C before incorporation 
into equipment, some deteriagration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances the leads should be retinned using a suitable activated 
flux. 
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ELECTRICAL CHARACTERISTICS (cont'd) 
Saturated switching times 


Test circuit 
p420 


—Vp =20V 


—-hoons— 





-I,.100mA,-I =I =10mA 
Te Bion) Bioff) 

V #e'OV 
BE (off) 

Waveforms 


Input 


Output 
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Silicon planar epitaxial transistor 





Prot neces H 4 ttt fnEo CEE B8353 
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te aes 
== 
= 
Ee Ge ia Bao 
Le eto LTT thy 
nh TT ete e———- ae 
en ee oa 
—aenert ——— ——T | 













a : ) +R ee 
Renct™ Rens) ~"tnito) 2 *Penito) ia atti eee 


an 
aamesni Rth(a) = Steady state thermal resistance with d= Cine, ae ee Ni 


SS RAIilll| || Renttor= transient thermal resistance with d= Ce Tie 


oo. 192. 407 494 70! 
Pulse duration (s) 
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 












Transient thermal resistance Rth(|-amb) 
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TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH JUNCTION TEMPERATURE 








November 1979 


364 


Silicon planar epitaxial transistor 
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TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 
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Silicon planar epitaxial transistor BF X30 
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TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE 
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BF X30 
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Silicon planar epitaxial transistor BFX30 
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TYPICAL VARIATION OF COLLECTOR CAPACITANCE WITH 
COLLECTOR-BASE VOLTAGE 





TYPICAL VARIATION OF STORAGE TIME WITH JUNCTION TEMPERATURE 
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BFX34 





-~ 
SILICON PLANAR EPITAXIAL TRANSISTOR Ge 


N-P-N transistor in a TO-39 metal envelope primarily intended for use as high-current switching device, 
é.g. inverters and switching regulators. 


QUICK REFERENCE DATA 


a 


Collector-base voltage (open emitter) Vcepo max. 120 V 


Collector-emitter voltage (open base) VcEQO max. 60 V 
Collector current (peak value) . lcm max. 5,0 A 
Total power dissipation up to Tease = 25 °C Prot max. 5,0 W 
Junction temperature Tj max. 200 9C 
D.C. current gain 

lc=2A;Vep=2V hee 40 to 150 
Transition frequency at f = 35 MHz 

Ic =0,5A;Vop=5V fr > 70 MHz 


Turn-off time when switched from 
Ic =5 A; ig =0,5 A to cut-off 





with —Ipnyy =0,5 A toff <= 1,2 ps 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 





lg 6,6 Ly en 
Se ain " 72599221 





Maximum lead diameter is quaranteed only for 12,7 mm. 
Accessories: 56254 (distance disc). 


© Products approved to CECC 50 004-025, available on request. 
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RATINGS Limiting valuesinaccordance with the Absolute Maximum system (IEC 134) 


Voltages 


Collector -base voltage (open emitter) 
Collector -emitter voltage (open base) 


Emitter -base voltage (open collector) 


Currents 
Collector current (d.c.) 
Collector current (peak value) 


Base current (d.c.) 


Power dissipation 
Total power dissipation up to Tease = 25°C 


Ep to Leah See 


‘Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
Frm junction to ambient in free air 


From junction to case 


VcBoO 
VCEO 
VEBO 


max. 120 
max. 60 
max, 6 
max. 2,0 
max. ‘0 
max. 1.0 
max. 5:0 
max. 0,87 
-55 to +200 
max. 200 
= 200 
= 35 


VY 


> 


W 
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Silicon planar epitaxial transistor 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 
Veg = 0; Vee = 60V 
Emitter cut-off current 
Ic =O;Vep=4V 


Saturation voltage 
Ic=5A;Ip=0,5A 


D.C. current gain 
lc =1,0 A; Vee = 2,0 V 
Ic = 1,5 A; Vee = 0,6 V 


Ic = 2,0 A; Vee = 2,0 V 


Collector capacitance at f= 1 MHz 
le = la=0; Veg = 10V 


Emitter-capacitance at f= 1MHz 
lc =le=O0; Veep =O, V 

Transition frequency at f = 35 MHz 
lr =O5A;Veprov 


Turn on time when switched from 
—Vpe=2,0V tole =5V;lp=0,5A 
with Ipy = 0,5 A 


Turn off time when switched from 
Ic =5A;ip=0,5 Ato —Vpe = 2,0 V 
with —Ipayy = 0,5 A 





toff 





< 10 
typ. 0,01 
< 10 
typ. 0,77 
< 1,0 
typ. 1,43 
< 1,8 
typ. 130 
typ. 60 
typ. 110 

40 to 150 
typ. 36 
< 100 
typ. 440 
> 70 
typ. 100 
typ. 0.2 
~ 0,6 
typ. 0,34 
<= = 1,2 
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BFX34 


10 =e See 
BREE iT < 25°C 
ee case a 


I¢ 
(A) 
rN SAS SS tp: 
CEASE SSTS TAN PSI 
107 
10° 
4 





Safe Operation Area with the transistor forward biased 


I Region of permissible d.c. operation 
Il Permissible extension for repetitive pulsed operation 
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BFX34 
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BFX34 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-39 metal envelopes for general purpose industrial applications. 


QUICK REFERENCE DATA 


Se = re 


—— ee ——————s = EE EE SS 


BFX84 | BEX85 BFX86 





Collector-base voltage (open emitter) VcBO max. 100 | 100 40 WV 
Collector-emitter voltage (open base) VCEO max. 60 | 60 | 35 V 
Collector current (peak value} Io max. 1,0 | 1,0 | 10 #A 
Total power dissipation up to Tamb = 25°C — Prot max. 800 800 | 800 mW 


Total power dissipation up to Tease = 1009C = Prot max. 2,86 2,86 2,86 W 


D.C. current gain 
lc = 150 mA; Veg = 10 V hee 


Transition frequency at f = 35 MHz | 

















lc = 50 mA; Vee = 10 V; Tamb = 25 OC fr > 50 50 50 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


Bb , 
ose al aaa | 
te _ L = 
“ie 


“ ' 





oe 
mox 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


= Products approved to CECC 50 004-100, available on request. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


max. (cut-off, T/, 


CE 
CEO ™4*: 


cas 


Temperature 


T 
stg 
T. max, 


THERMAL CHARACTERISTICS 


Re n(j-amb) in free air 


Bn (j-case) 
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BFX84 BFX85S BFAS86 


100 100 40 


-65 to +200 
200 


> > > > Jd dt a a 


mA 


Silicon planar epitaxial transistors 





BFX84 
ELECTRICAL CHARACTERISTICS or =25°C unless otherwise stated) 
Min. Typ. Max. 


I CBO ag ania ee Miia ; “i a sy 
CB fh ; 
Vop 100V, 1,=0, ieee Cc - 0.5 30 pA 
Vop 8V; 1,=0 : = 2.0 50) nA 
Vape SOV, 179, Fl Cc = 0.1 2.5 LA. 
"EBO seas 2 si pa : 10 500 nA 
EB oe 
Vep 2 OV: T,=0 z ; - 2.0 50 nA 
Veep >: OV: 1.79, rae Cc - 0.1 2.5 pu 
hog Static forward current 
transfer ratio 
In =10mA, Vor =10V 20 80 - 
1, =150mA, Vag l0V 30 112 - 
1, =500mA, Vor OV 20 70 - 
1, =1.0A, Vap7 lov 15 30 - 
V CE (sat) Sera anaes saturation 
1,=10mA, 1=1.0mA - 0.15 0. 20 V 
1, =150mA, 1,7 15mA - 0.15 0.35 V 
1. =500mA, 1 50mA = 0.35 1.00 V 
1, =1.0A, 1,=100mA - 0.66 1.60 V 
Vir (sat) eee te saturation 
[.=10mA, 1,=1.0mA - 0.69 1.2 V 
1, =150mA, I,,=15mA - 0.92 1.3 V 
1, =500mA, I_=50mA - 1.15 1.6 V 
1, =1.0A, 1,=100mA - 1.40 2.0 V 
Cer 4 Collector capacitance 
Von 10V, 1.=1,= 0, 
f=1.0MHz - 7.0 12 pF 
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BFX84 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. 
Me Transition frequency 
= Fr =] 
Ta 50mA, Vor OV, 
f=35MHz, T , =25°C 50 
amb 
Saturated switching times 
= == =15mA, 
‘Coe Bien) Biel), 
2 =10V, - =2.0V 
Vere pe) BBiat 
ts Delay time : 
t Rise time = 
r 
t Turn-on time - 
on 
LB Storage time = 
te Fall time - 
t ore Turn-off time = 
h-parameters 
: [.=1.0mA, =5.0V, 
hee lo OmaA Vor V 
f=1.0kHz, T... =268°C 10 
amb 
h, - 
ie 
h I_=1 =5, - 
ae Cc OmA, VoE 3D ae 
=1.0kHz, = 15 
Nee f=1.0kHz Tot 25 C 
h - 
oe 
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Silicon planar epitaxial transistors 





BFX85 
ELECTRICAL CHARACTERISTICS (7, =25°C unless otherwise stated) 
Min. Typ. Max. 


I CBO eater ae oe ; ie a te 
CB ig 

Vop= 100V, 1,=0, T,=100"C 0. 30 uA 

5 COV: 170 = Ba nA 


0. 


Vo 
= = =inn® 
Vor Sov; I. 0, ms 100 C 


a o a 
ao 
to 


1 


Emitter cut-off current 

V =6,0V, = - 10 500 A 
EB 6.0% In 0 n 

Veg 2 OV: 1,70 - 2.0 50 nA 


o 
=5. ; — sf r =100 = 0.1 2.5 A 
Ven 5.0V Ln 0 T, Cc H 


1 BO 


h Static forward current 
FE ; 
transfer ratio 
I_=10mA, V =10V 50 90) - 


C CE 
Ta =150mA, V 10V 70 142 * 


CE 

1, =500mA, Vap lv 30 50 - 
=1,0A, =10V 15 50 - 

Ia OA Vor 

Collector-emitter saturation 

voltage 

I_=1 =1.0n - 

C OmaA, I OmA 

1, =150mA, I_=15mA - 

In =500mA, I1_=50mA - 


1, =1.0A, 1,=100mA - 


Me E (sat) 
. 20 
as Te) 
.00 
60 


o co 2 © 
— 
en 

—- EF & & 


ig tl 
a<«dia < 


V BE(sat) Base-emitter saturation 
voltage 


I,=10mA, 1,=1.0mA 
1, =150mA, 1,,=15mA - 


fo ho 


= 50mA - 
100mA ~ 


Ln =500mA, I 


T,=1.04, I, 


-e- fF Cc © 
© 
ro 


"tS to 
— 
La | 
nb KF FEF 
on 
a<4Q<4< 


Cre Collector capacitance 


V__= =] =0 
ee ly ame Na 


f=1.0MHz - 7.0 12 pF 
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BFX85/BF X86 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. Typ. 
he Transition frequency 
1, =50mA, V,_=10V, 
f=35MHz, T , =25°C 50 185 
amb 
Saturated switching times 
1, =150mA, (on) Bott) ~ 14s 
- =10V, - 2.0 
VEE pad V BE(off) » r 
| Delay time - 15 
d 
t. Rise time - 40 
t Turn-on time - 55 
on 
t. Storage time - 300 
te Fall time - 60 
t Turn-off time - 360 
off 
h-parameters 
Nee T =1.0mA, YoR 209%) 
f=1.0kHz, T  , =25°C 20 65 
amb 
he - 750 
h =10m/ =5.0V, - 
ee I, OmA, Var V 0 
h f=1.0kHz, T  , =25°C 25 80 
fe amb 
h - 35 
oe 
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Silicon planar epitaxial transistors 





BFX86 
oO 
ELECTRICAL CHARACTERISTICS (7 =25 C unless otherwise stated) 
Min. Typ. Max. 


I CBO reigageures oF current ; a os 7 
CB ""E a 
Vop t°V; 1,,=9, i -408 C - 0.5 30 LA 
Vop 30Y: 1,=0 - 2.0 50 nA 
Vop@30V, 1,=0, T,=100"C - 0.1 2.5 pA 
"EBO ater oe = n - 10 500 nA 
EB ay 
Veg 2 OV: 1,=0 : - 2.0 50) nA 
Ven 5.0V, 1,=9, T,=100°C 7 0.1 2.5 pA 
hoe Static forward current 
transfer ratio 
1, =10mA, Vop lv 50 90 - 
I =150mA, Vor =10V 70 142 - 
1, =500mA, Vopr Lov 30 90 - 
1, =1.0A, Vo =10V 15 50 - 
V CE(sat) voltess Ue saturation 
,=10mA, 1,=1.0mA - 0.15 0. 20 V 
1,=150mA, 1,=15mA - 0.15 0.35 V 
1, =500mA, 1,7 50mA - 0.35 1.00 V 
1, =1.0A, 1,,= 100mA - 0.66 1.60 V 
Vor (sat) oe i saturation 
[,=10mA, 1,=1.0mA - 0.69 Le V 
1, =150mA, 1, 15mA - 0.92 1.3 V 
1, =500mA, 1,=50mA - 1.15 1.5 V 
1, =1.0A, 1,=100mA - 1.40 2.0 V 
Cre Collector capacitance 
Vor™ 10V, 1-1-9, 
f=1.0MHz = 7.0 12 pF 
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MEASUREMENT OF SATURATED SWITCHING TIMES 
Test circuit 





£21S0MA, ce =15mA 
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Switching waveforms 
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Silicon planar epitaxial transistors 





= BFX84 


| ae 
SEeereacs 222088 “8 HHH eels 
fal i Gd ed FCCC eats ==.“ en8 ACE 


Oo” 50 100 150 200 Tamp (°C) 





MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 







Rint) aa Se erxee SERS 
(deg C/w) Sse q BFAS8S Corre 
=F Tt =p ti > BFXaG . oo | i 


ap ee tH ee nn en en ao — aie 


— 





Reh(t) = (Rehie)- Rth(to) ) d*Reth(to) | 
Ren s) = Steady state thermal resistance with d=1-0 mail 


Rth(to)= transient thermal resistonce wins ds O° | 
Sl ae — Se oo a 


10° 1 0° 10 
Pulse duration t(s) 
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 





Transient thermal resistance Rp j- cose) 


—— = ed = 





November 1979 385 





(92>'% cog . Oc: 

et ie Be Hee | MT re 
HE bine BBR SHURUORROGEE TTA TT: 
pp SHEEEE CHAT 
iease BEOne : gesees esses eeeveeeeteseercestvszes! 
pt 

seen eeeneeneee 


pant es ere ane 








a: = font ent aaa 
a = 





foo ae Sats 





AGAINST JUNCTION TEMPERATURE 
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Silicon planar epitaxial transistors 
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TYPICAL OUTPUT CHARACTERISTICS 
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BF X84 


BF X85 


BF X86 
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TYPICAL OUTPUT CHARACTERISTICS 
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Silicon planar epitaxial transistors 
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TYPICAL OUTPUT CHARACTERISTICS 
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS 
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Silicon planar epitaxial transistors 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
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Silicon planar epitaxial transistors. 
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P-N-P SILICON PLANAR EPITAXIAL TRANSISTORS 


For data of these transistors please refer to type BF X29. 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


ae 
ae 


N-P-N transistors in TO-39 metal envelopes intended for general purpose industrial applications. 


QUICK REFERENCE DATA 


an ee ee 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation up to Tap, = 25 OC 
Total power dissipation up to Tease = 100 OC 
D.C. current gain 

le = 150 mA; Vee = 10 V 


Transition frequency at f = 35 MHz 
Ic = 50 mA; VE = 10 V; Tamb = 25 C 


SS = 


MECHANICAL DATA 
Fig. 1 TO-39. 


Collector connected to case 





BFY50 BFYS1 Bryo2 
max. 80 60 


VCBO 
VCEQO max. 35 | 30 = V 
Icom max. «= 1,0 | 10 | 10 A 
Prot max. ~=«-800:-«|_~=«800 | 800 mW 
Prot =o max. ~—s-2,86 | 2,86 | 2,86 W 
: > 30 40 60 
FE typ. 112 123. | 142 
fy > 60 | 50 | 50 MHz 
Dimensions in mm 
| ME SEE? nisi 
max 
Le | ees | 
i f 
= 88 -nie— 12 sen 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


= Products approved to CECC 50002-0839, available on request. 
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RATINGS 





Limiting values of operation according to the absolute maximum system. 


Electrical 


VeRo max, 


Vor max. (cut-off, 1_=1mA) 


Cc 


T =25 C 
case 


T __>25, <100°C 
case 
Temperature 
T 3tg 
T. max. 
J 
THERMAL CHARACTERISTICS 


Run (j-amb) in free air 


oa (j-case) 
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BFY51 
80 60 40 


-65 to +200 
200 


220 
35 
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Silicon planar epitaxial transistors 





BFY50 
ELECTRICAL CHARACTERISTICS (7, =25°C unless otherwise stated) 
Min. Typ. Max. 


LBRO Collector cut-off current 
V__=80V =0 - 10 50 nA 
CB : 7 : 900 n 
fF = = =10 = a A 
Vop 80V, [5 0, Lr 0c | 0.5 30 u 
Von OV: 1,=0 : - 2.0 50 nA 
V_.=60V = =100°C - wl : ' 
Var Ve i 0, T, Cc 0 2.5 uA 
I itte -ofi 
ERO a re ae a. r 10 —-500 nA 
EB. * ¢ ; 2 
View 2:0V, 1,=0 ; - 2.0 50 nA 
r__=5.0V, =0, T,=100 - 0.1 2. A 
Vor 9.0V In T, C 7 uu 
Dor Static forward current 
transfer ratio 
I_=1 = 20 80 - 
C OmA, Vor 10V 
=150mA =10 30 112 - 
L, o0mA, Vor V 
=5 =10V 20 70 - 
Ta 200mA, Vor 
=1.0A =10V * : a 
L ; Vor OF 15 35 
Vi. Collector-emitter saturation 
CE(sat) | 
voltage 
1, =10mA, 1, =1.0mA - 0.15 0. 20 V 
1, =150m<A, 1,* 15mA - 0.15 0.20 _V 
1, =500mA, 1, =50mA - 0.365 0.70 V 
1, 71.04, 1, = 100mA - 0.66 1.00 V 
Ver (sat) Base-emitter saturation 
voltage 
I_=10mA =1,.0mA - 0.69 Le V 
C mA, I, 0m 
1,=150mA, I,* 1l5mA - 0.92 L.3 ¥ 
T,=500maA, 1,7 50mA - 1.15 1.5 V 
I, =1.0A, 1, = 100mA - 1.40 2.0 V 
Cano Collector capacitance 
CR OV, I 1, 0, 
f=1.0MHz - 7.0 12 pF 
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BFY50 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. 
Le Transition frequency 
=5 =] 
In o0mA , Vor OV, 
f=35MHz, T =35°C 60 
amb 
Saturated switching times 
=] == =15n z 
I. 50mA, T 3 (0n) Toff) omA; 
“Vir =10V, “VBE (off) =2.0V 
ts Delay time rs 
a Rise time - 
Turn-on time - 
on 
ss Storage time = 
t Fall time = 
t Turn-off time - 
off 
h-parameters 
=1.0 FF _=5.0V 
ie ze mA, Vor ’ 
f=1.0kHz, T = 95°C 10 
amb 
h. = 
ie 
] = r = & = 
he I. 10mA, Vor 5.0V, 
iy f=1.0kHz, T = 25°C 15 
fe amb 
h = 
oe 


June 198? 





Typ. Max . 

140 - MHz 
15 = ns 
40 - ns 
55 - ns 

300 - ns 
60 - ns 

360 = ns 
65 - 

730 _ Me 

~4 
0.85 5.0 10 
RQ - 
30 80 umho 


Silicon planar epitaxial transistors 





BFY51 
oO 
ELECTRICAL CHARACTERISTICS (T, =25 C unless otherwise stated) 
Min. Typ. Max. 


I CRO genre ee current : - ores rm 
$8 cof _ T=100Cc - 0.5 30 BA 
CB ""E 5 
Vor tV: 1,=0 ; - 2.0 50 nA 
Voy tov, 1.79, LT a C hw 0.1 2.5 LA 
"EBO oe ak ac aad - 10 500 nA 
EB  * ¢ | 
Ven oO: 1,70 - - 2.0 50 nA 
View >-0V, 1.79, Ly ates C= 0.1 2.5 LA 
he E Static forward current 
transfer ratio 
In =10mA, Vo E 10V 30 85 - 
1, =150mA, Vag lV 40 123 - 
1.=500mA, Vopr lov 25 79 - 
1,=1.04, Vag OV 15 40 - 
Vv CE(sat) poiee emitter saturation 
1, =10mA, I,~1.0mA = 0,15 0, 20 ¥ 
1,=150mA, 1,=1l5mA - 0.15 0.35 V 
T,=500mA, 1, =50mA = 0.35 1,00 V 
IT, =1.0A, 1, = 100mA - 0.66 1.60 V 
V BE(sat) Base-emitter saturation 
voltage 
I, =10mA, 1, =1.0mA - 0.69 1.2 V 
1, =150mA, 1, ~lomaA - 0.92 1.6 V 
1,,=500mA, 1, =50mA = 1.15 1.5 V 
1, =1.0A, 1,,=100mA = 1.40 2.0 V 
One aphid pee 
CB ‘Ee 
f=1.0MHz - 7.0 12 pF 
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BFYS51/BFY52 


ELECTRICAL CHARACTERISTICS (contd.) 


f Transition frequency 
I.=50mA, V__.=10V, 
qe Veg 
f=35MHz, T  , =25°C 

amb 


Saturated switching times 


=150mA, I =-] =15 . 
fg OME latory Horn 
Vier 10V, ~V BK Cff) =2,0V 
t q Delay time 
t Rise time 
r 
Turn-on time 
on 
t Storage time 
t. Fall time 
ts Turn-off time 
off 
h-parameters 
h T_=1.0mA, =5.0V, 
eo Cc m Vor 5.0V 
f=1.0kHz, T = 95°C 
amb 
h,_ 
ie 
| = ] , = & 
ie In OmaA, Vor 9.0V, 
7 f=1.0kHz, T = 25°C 
fe amb 
oe 
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BFY52 
ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise stated) 
Min. Typ. Max. 


I ollector cut- urre 
ai Ve 40V, 1-0 ‘ania - 10 500 nA 
Von ™40V, 1,701 2= 100 C.. .- 0.5 30 pA 
Vap 30V; 1-9 , - 2.0 a0 nA 
Vog@0V, 1,79, T, = 100 c - 0.1 2.5 pA 
® sie - ae . ae o| sie - 10 300 nA 
EB re : 
Veg o-OV: 1,=0 : - 2.0 50 nA 
Ven 75-0V, 1,=0, T, = 100 c - 0.1 2.5 pA 
hie Static forward current 
transfer ratio 
I =10mA, Vo B =10V 30 90 = 
= =150mA, Vor =10V 60 142 = 
1, =500mA, Voz 10V 30 90 = 
EA aiay Vg 108 15 50 - 
V CE (sat) Se a saturation 
fa” Loma, L, 1-OmA - 0.15 0. 20 V 
1, =150mA, I~ 15mA 7 0.15 0.39 VV 
1,7 500m, 1,* o0mA - 0.95 1.00 V 
1. 1-04, I> 100mA - 0.66 1.60 V 
Ver (sat) ee A saturation 
[,=10mA, 1,=1.0mA - 0.69 1.2 V 
1, = 150mA, 1, =15mA - 0.92 1.3 V 
1, =500mA, 1, =50mA = 1.15 1.9 V 
1, =1.04, 1, = 100mA = 1.40 2.0 V 
Cre gpa ene 
CB ""E “e ° 
f=1,0MHz = 7.0 12 pr 
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MEASUREMENT OF SATURATED SWITCHING TIMES 





Test circuit 
—Vee =10V 
Vy = 20V 
1.0ps CRO 

BB 

I #-150mA_ I =-L =» ASmA 

C > “Bion)  Bloff)” 

“eeiotr) 7 2-OV 

Switching waveforms 
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Output . | 
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Silicon planar epitaxial transistors 
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MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


eo ee (Se A A PT TE 
Rth(t) = te BE 50 Set | 88932 | 
t--—- --e snore rte . rT oo - 4 + ms . - — 9 . “ 
ideg C/w) - |e SS BU | SBE +—+ epee StH : i 4 eae ! ‘ 
a  E te as IE Rk 2 eee are aes, [S| - Peet ae ee pete phd 
+-- ' -——-- + rip + ef eds -—- + ae Liu i 








GI00p— nto ——— 
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v- [ti dstO ui ries Lind warn oh “| 
2 3 
_ | bal ek ? _ | Ry, Wt i" 
2 meray weet al ' | th(to)|: ‘4 
w | 
1 A tt Sa Ee oe) Ee ee eee | er Se 
g I eee rae f 7 Fis 
- A Tatil series aE ad 6 fe 3 3 pt 
3 “6:0 _ id i id | kui = 
a = 
Pd | L 
E ro+— ds — ~s 
w = : = 
x= 
— to ee 
t Reh(t) = (Rehis)-Rth(to)) d+ Rth(to) i 
3 ‘Rth(s) = Steady state thermal resistance with d=10} p+ 
5 Rth(to)= transient thermal resistance with d:0 
- NS TY ES ES et a Se ca a oe TS 


oe 0° 0° 10" 10° 
Pulse duration t(s) 
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 
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AGAINST JUNCTION TEMPERATURE 
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Silicon planar epitaxial transistors 
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TYPICAL OUTPUT CHARACTERISTICS 
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Silison planar epitaxial transistors 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT AND JUNCTION TEMPERATURE 
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Silicon planar epitaxial transistors 
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TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
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TYPICAL BASE-EMITTER SATURATION VOLTAGE 
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Silicon planar epitaxial transistors 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in TO-39 metal case with the collector connected to the case. It Is primarily intended 
for use in high frequency and very high frequency oscillators and amplifiers as well as for output stages 
of servo amplifiers. 


QUICK REFERENCE DATA 





Collector-base voltage (open emitter) Vcpo max. 80 V 
Collector-emitter voltage (open base) VcEQ max. 35 V 
Collector current (d.c.) Ic max. 1A 
Total power dissipation up to Tampb = 25 OC Prot max. 800 mW 
Junction temperature Tj max. 200 %C 
D.C. current gain at Tj = 25 °C 

lc = 150 mA; Veg = 10 V hFE > 40 
Transition frequency 

lc = 50 mA; Vee = 10 V tr > 60 MHz 
Collector-emitter saturation voltage 

lc = 1A; Ip = 100 mA VCEsat < 1V 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


rma “ant 
** é 
ys b i Yos1 
Ted 85 _— 
max ® = 





| I 
f 


| | , | H ae 
- 5,08 la—| bs — 6,6 —~|<+— 12,7 | 
| rmx min 


Le 96 J 
max 


Te SoI221 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
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RATINGS (Limiting values) 1) 


Voltages 

Collector-base voltage (open emitter) VCBO 
Collector-emitter voltage (open base) VCEO 
Emitter -base voltage (open collector) VEBO 


Currents 


Collector current (d.c.) ln 
Collector current (peak value) ICM 
Emitter current (d.c.) = Le 
Emitter current (peak value) -lEM 


Power dissipation (See also page 4) 


Total power dissipation up to Tamb = 40 °C Prot 
Total power dissipation without cooling fin 

up to Tap = 29 a & Prot 
Temperatures 
storage temperature U stg 
Junction temperature T; 


THERMAL RESISTANCE 


From junction to ambient in free air Reh j-a 


From junction to case Reh j-c 


max. SU 
max. 35 
max. 7 
max. l 
Mak. l 
max. | 
max. | 
max. 4 


max, 0.8 


-~05 to +200 


max. 200 





V 
V 


°C/mW 
°C/mW 


J) Limiting values according to the Absolute Maximum System as defined in 


IEC publication 134, 


420 





June 1968 


CHARACTERISTICS 
Collector cut-off current 
Ip = 0; Vicp =o ¥ 
= OV A . 1Ve Tt. = ™ oO 
In = 0; Vopg = 60 V; Pj 150 “C 


Emitter cut-off current 
Le =O Vig o-¥ 


satu rati on voltaces 





Ic = 150 mA; Ip = 15 mA 
Iq = 1 A; Ip = 100 mA Ly?) 


Sustaining voltage 
Ic = 30 mA; Ip =0 4) 


D.C. current gain 2y 
Ic = 10 mA; VCE =10V 
Iq = 150 mA; Vcr = 10 V 
lo “PA, Vor 10 V 
Feedback time constant 
Iq = 10 mA; Vop = 10 V; f = 4 MHz 
Collector capacitance at f = 500 kHz 
Ip = I, = (); VcB =10V 


Emitter capacitance at f = 500 kHz 





Ic - I. = (): VEB =Q).5 V 


Transition frequenc 





Ic = 50 mA; VCE =10V 


1) Measured with a lead length of 1 cm. 


BFYS5 





Tj = 25 °C unless otherwise specified 


ICBO 
ICBO 


VCEsat 


VCEsat 
VBEsat 


VCE Osust 


DpE 


< 10 
< 10 
< 10 
<= 0.2 
=< 1.0 
<= 1.6 
> 35 
> 30 
40) to 120 
> 15 
< S00 
< 1? 
< 80 
> 60 


2) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration = 300 us; duty cycle 6 < 0.01 
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Heatsink material 2mm blackened aluminium HH 
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Silicon planar epitaxial transistor BFY55 
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Silicon planar epitaxial transistor 
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Silicon planar epitaxial transistor BFY55 
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SILICON CONTROLLED SWITCH 


The BR101 is a planar p-n-p-n switch in a TO-72 metal envelope, intended for time base circuits and 
other television applications. It is also suitable as trigger device for thyristors. It is an integrated p-n-p/ 
n-p-n transistor pair of which all electrodes are accessible. The collector of the n-p-n transistor is con- 
nected to the case. 


QUICK REFERENCE sd 


ee 


SS 


p-n-p transistor 
Emitter-base voltage (open collector) —VeEBO max. 50 V 


n-p-n transistor 


Collector-base voltage (open emitter) VCBO max. 50 V 
Repetitive peak emitter current (peak value} —leRMm max. 2,5 A 
Total power dissipation up to Tamp = 25 OC Prot max. 275 mW 
Junction temperature Tj max. 150 °C 
Forward on-state voltage 

Ia = 50 mA; lac = 0; Reg-K = 10 kQ VAK < 14 V 
Holding current 

a halle | —VBB = 2V; Rec- eee ly < 1,0 mA 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-72. 


Collector of the n-p-n transistor (ag = anode gate) connected to the case 





- Yost 
48 Amex 
max 

’ 

ea ee 





Accessories: 56246 (distance disc). 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 





Voltages p-n-p | n-p-n 
Collector-base voltage (open emitter) VcsRo max. ~-3s0} 50 V 
Collector-emitter voltage (Rep = 10 ke) VCER max. = 30) V 
Collector-emitter voltage (open base) VCEO max. -5f6) - Vv 
Emitter-base voltage (open collector) VERO max. -o0 5l)v 
Currents 

Emitter current (d.c.) Ip max, 75/~175 mA 


Repetitive peak emitter current (peak value) 


tp = 10 us: 6 = 0,01 IERM max. 2,5|/- 2,5 A 
Collector current (d.c.) Ic max. —| 175 2) mA 
Collector current (peak value) ICM max. | Le mA 





Power dissipation 


Total power dissipation up to Tamb = 25 °C Prot max. 275 mW 


Temperatures 


Storage temperature T stg -65 to +200 ve 
Operating junction temperature Tj max. 150 ve 
THERMAL RESISTANCE 

From junction to ambient Rth j-a = 0,45 °C/mW 


|) Exceeding of this voltage is allowed during the discharge of a capacitor of max. 390 pF, 
provided the charge does not exceed 50nC., 
2) Provided the Ip rating will not be exceeded. 








432 | | August 1972 


BRIO] 





MEANING OF SYMBOLS , used in the schematic presentation of the $.C.S. 


2 transistors equivalent circuit 


: p-n-p-n §.C.S. equivalent circuit 
N-p-n transistor + p-n-p transistor 





a (anode) 
(a>) 





PNP transistor ag (anode gate) 


(c,, bo) 
O Cy, by 
by, C+ . 
kg (cathode gate) 

(bj, cs) 


NPN transistor 





k (cathode) ey 7261149 
(e,) 7261150 


5.C.5. symbol 





TIHISIOA 


CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Individual N-P-N transistor 
Collector cut-off current 


ae ICER < 0,5 pA 
—_ & € = : = = oO 
VcE = 50 V; Rpg = 10 kQ; Tj = 150 “C 


Emitter cut-off current 


Iq = 0; Veg = 5 V; Tj = 150 °C IEBO << SO) BPA 
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CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 
Individual N-P-N transistor 


Saturation voltages 





VcEsat < 500 mV 


Ic = 10 mA; Ip = 1 mA 
mV 


< 
eI 
oA 
rf 
=I 
/ 
oO 
= 


D.C. current gain 
Iq = 1O mA; VoR=2V hFE > 50 


Transition frequency 

Ic = 10 mA; Veg =2V iy typ. 300 MHz 
Collector capacitance 

Ip = In = (0); Vcr = 20 V Ce = a pF 
Emitter capacitance 


Ic = J]. =0; Vepzlv Ce < 20 pF 


Individual P-N-P transistor 
Collector cut-off current 

Ip = 0; -Vorp = 50 V; T; = 150 °c -IeEO < 30 LA 
Emitter cut-off current 

Iq = 0; -VeR = 50 V; Tj = 150 °C -IEBO < 50 pA 


D.C. current gain 





Combined device 
Forward on-state voltage at Reqg-K = 10 kQ 
I, = 50 mA: Jag = 0 VAK < 1,4 V 
Ing = I1mA: Iag =10mA VAK < tee V 
—» Holding current at RkG-K = 10 k2 


IAG = 10 mA: -Vpp=2V I < 1,0 mA 





PEGG TT 
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PROGRAMMABLE UNIJUNCTION TRANSISTOR 


The BRY339 is a planar p-n-p-n trigger device in a TO-72 metal envelope, intended for use in switching 
applications such as motor control, oscillators, relay replacement, timers, pulse shaper etc. 


QUICK REFERENCE DATA 





Gate-anode voltage VGA max. /0V 
Anode current (d.c.) up to Tease = 85 OC lA max. 250 mA 
Operating junction temperature Tj max. 150 °C 
Peak point current 

Vg = 10V; Rg = 10 k2 Ip <= 5 pA 
Valley point current 

pCR Rg = 10 kQ ly > 25 yA 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-72. 


Anode gate (ag) connected to case 





A my 0,51 
48 | 4max 
max 

] 


53 > |<—__. 12,7min ——e! 72607781 





Accessories: 56246 (distance disc). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Gate-anode voltage 
Anode current (d.c.) up to Tamb = 25 OC 
Anode current (d.c.) up to Tease = 85 OC 


Repetitive peak anode current 
t= 10 us; 6 = 0,01 


Non-repetitive peak anode current 
t= 10 ps: Tj = 150 °C 

Rate of rise of anode current 
uptola=2,5A 


Storage temperature 
Operating junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


EXPLANATION OF SYMBOLS 


VGA max 70 ¥V 
la max. 175 mA 
LA max. 250 mA 


IARM max. 2,5 A 


lASM max. 3 A 
dia 

— max. 20 A/us 
dt A 
T stg —6§5 to + 200 oC 
ar max. 150 °C 
Rth j-a = 450 K/W 
Rth ko-- > 150 K/W 


For application of the BRY39P as a programmable unijunction transistor only the anode gate is used. 
To simplify the symbols the term gate instead of anode gate will be used. 


anode gate 


anode 
a 
ag 
kg 
cathode gate 
k 
cathode 7Z60690.2 
Fig. 2. 
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anode 
a 
g 
gate 
k 
cathode TEG2253 
Fig. 3. 


Programmable unijunction transistor BRY39 





CHARACTERISTICS 
Peak point current 

Vg = 10V; Re = 10ki2 Ip a 5 wA 
Vs=10V;RG=1MQ2 Ip = 1 vA 

Valley point current 
Ve = 10V; Re = 10k? ly > 25 pA 
Vg = 10V; Re = 1 Mal iY, <= 50 wA 

+ 40V 
iJ 





BZY88 
cav2- 


100k f) : F OK N) ox} 











i" | 
100ypF &= 
7 
100nF 
AAZ18 | 
BFYSS 
i = 
T26I203.1 
Aa 
Fig. 4 Practical test circuit: 
1. Remove BCY71 during measurement of Ip. 
2. Value of R1 depends on the voltage range of voltmeter. 
V5 
R2 
TUT. 
Ri 
Fig. 5 BRY39P with “program” Fig. 6 Equivalent test circuit 
resistors R1 and R2. for characteristics testing. 
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Gate-anode leakage current (see Fig. 7) 


Ik =O; Veq=70V Igao -< 10 nA 
Gate-cathode leakage current (see Fig. 8) 
Vak =0:;VGK =70V Ieks < 100 nA 


Offset voltage (see Figs 9 and 16} 
Voffset = Vp — Vs (Iq = 0) 


Tsao! 





7261192 


Fig. 7. 





Fig. 9. 
Anode voltage 
la = 100 mA VA < i4V 
Peak output voltage (see Figs 10 and 11) 
Vaa = 20V;C=0,2 uF Vom => 6 V 
Rise time (see Figs 10 and 11) 
VaAA = 20 V; C= 10 nF tr a 80 ns 


Vaa 
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Programmable unijunction transistor | BRY39 
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BRY39 


SILICON CONTROLLED SWITCH 


The BRY39 is a planar p-n-p-n switch in a TO-72 metal envelope, intended for switching applications. 
It is an integrated p-n-p/n-p-n transistor pair, with all electrodes accessible. 


QUICK REFERENCE DATA 


p-n-p transistor 
Emitter-base voltage (open collector) —VeEBO max. 70V 


n-p-n transistor 


Collector-base voltage (open emitter) VcBO max. 70V 
Repetitive peak emitter current —lERM max. 2,5 A 
Total power dissipation up to Tamph = 25 PC Prot max. 275 mW 
Operating junction temperature Tj max. 150 °C 
Forward on-state voltage 

la = 50 mA; lac = 0; Reg. = 10k VAK = 14V 
Holding current 

lac = 10 mA; —Vpp = 2 V; Reg.« = 10kQ Ny <= 1,0 mA 
Turn-on time ton < 0,25 us 
Turn-off time tg < 5,0 ps 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-72. 


Collector of the n-p-n transistor (ag = anode gate) connected to the case 


116 
max. 45° 
A N45 | 


AS 












a Ac. 7 | 53 | 12.7min - 
el? Bi | “a 12,7 min ——e! 72607782 


Accessories: 56246 (distance disc). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


p-n-p | n-p-n 





Collector-base voltage (open emitter) Vcpo max. -70 | 70 V 
Collector-emitter voltage (Rag = 10 kQ) VcER max. — | 70 V 
Collector-emitter voltage (open base) VcEo max. -70} - V 
Emitter-base voltage (open collector) VeBo max. —70 5 ¥ 
Collector current (d.c.) * Ic max. — 175 mA 
Collector current (peak value) ** lem max. — 175 mA 
Emitter current (d.c.) le max. 175 |—-175 mA 
Repetitive peak emitter current lERM max. 2,5 | —2,5 A 
Total power dissipation up to Tamp = 25 °C Prot max. 275 mW 
Storage temperature Tstg —65 to + 200 oC 
Operating junction temperature Tj max. 150 o¢ 
THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a = 450 K/W 


* Provided the Ie rating is not exceeded. 


** During switching on, the device can withstand the discharge of a capacitor of maximum value of 
500 pF. This capacitor is charged when the transistor is in cut-off condition, with a collector 
supply voltage of 160 V and a Series resistance of 100 k&2. 
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Silicon controlled switch 





SYMBOLS AND EQUIVALENT CIRCUIT 









a (anode) 
e2 
S2 
PNP transistor ag {anode gate) | 
(c,, be) 
© Cy bo 
' . bys £20 
kg (cathode gate) NPN transistor 
k (cathode) metus 
(e,) 7Z61150 
Fig. 2 Two transistor equivalent circuit. Fig. 3 P-N-P-N silicon controlled switch 
structure. 
PZBIITSA 
Fig. 4 Silicon controlled switch symbol. 

CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Individual n-p-n transistor 
Collector cut-off current 

Vee = 70V; Reg = 10k ICER =< 100 nA 

Voce = 70 V; Ree = 10 k&2; Tj = 150 °C IcER <= 10 wA 
Emitter cut-off current 

Ic = 0; Vep =5V; li 150 °C lEBO = 10 pA 


Saturation voltages 


| < 500 mv 
Ic = 10 mA; Ig=1mA VCEsat : m 


D.C. current gain 

Ic = 10 mA; Veg = 2 V hee > 50 
Transition frequency 

lc = 10 mA; Vee =2V fr typ. 300 MHz 
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Collector capacitance 


le =1,=0; Vep = 20V C. < 5 pF 
Emitter capacitance 
Ic =1¢=0;Vep=1V Ce = BEDE: 


Individual p-n-p transistor 
Collector cut-off current 


Ip = 0; —Ve_e = 70 V; Tj = 150°C —-lceEQO <= 10 vA 
Emitter cut-off current 

Ic = 0;-Veg = 70V; Tj) = 150°C —-lEBo < 10 pA 
D.C. current gain 

le = 1mA; Veg =0 hFE 0,25 to 2,5 


Combined device 
Forward on-state voltage at Riea.h = 10ka2 


la = 50 mA; lag =0 VAK < 14 V 

la = 50 mA; lag = 0; Tj = —55 OC VAK = 1,9 V 

la= 1mA;lag=10mA Ware a =~ 9 ey 
Holding current at Reg.« = 10 kQ (see Fig. 5) 

lac = 10 mA; —Vep =2 V IH <. 1,0 mA 





ea ee 


Fig. 5. 
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Silicon controlled switch BRY39 





Switching times (see Figs 6 to 11) 
Turn-on time when switched from 
—-VkG-K =0,5 Vto+ Veen =4,5V 


RKG-K = 1k& ton = O25 pws 
ReG-kK = 10 k&2 ton = 1,50 ws 
Vi 
(Vv) 
+12V 45 


Vy 





time 


TESTIS 


Fig. 6. 








time 


Ce ton — | TIEPAE 


Fig. 7 Pulse duration increased until 
dashed curve disappears. 


Turn-off time (see also Figs 8 and 9) 
RKG-K = 1kQ 
R KG-K = 10 kf? 
RKg-K = 10 kQ; Tj = 125 °C 






time 


mercury © 
wetted 
contact 


TEGELI93 





TERLSSS 


Fig. 8. 


Fig. 9 Capacitance increased until at C = Copt 
dashed curve disappears. 
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Silicon controlled switch 
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TIBIISL 


VAaG-K (mV) 


TLGZI983 
=I l~aG=omA 
| Tambr 25 °C 
| typical values | 


| 
(i De a 


SEREP 4u|ip= 2V;1k2] 
ea 1 je Pee er) 
Bird BBs | 
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Silicon controlled switch 
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THYRISTOR TETRODE 


The BRY39 is a planar p-n-p-n trigger device in a TO-72 metal envelope, intended for use in low-power 
switching applications such as relay and lamp drivers, sensing network for temperature and as a trigger 
device for thyristors and triacs. 


QUICK REFERENCE DATA 


Repetitive peak voltages VpRM= VRRM max. FU od 
Average on-state current IT(AV) max. 250 mA 
Non-repetitive peak on-state current ITSM max. 3 °A 





MECHANICAL DATA 
Fig.1 TO—72; Anode gate connected to case. 


Dimensions in mm 





anode 
a 
ag 
anode gate 
kg 
cathode gate 
k 
cathode 72 60690.2 


Accessories supplied on request: 56246 (distance disc). 
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BRY39 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Anode to cathode 
Non-repetitive peak voltages 
Repetitive peak voltages 
Continuous voltages 


Average on-state current up to Trpace = 85 IC 


in free air up to Tampb = 25 OC 


Repetitive peak on-state current 
t= 10 ws:5 =0.01 


Non-repetitive peak on-state current 


t= 10 us; Tj = 150 OC prior to surge 


Rate of rise of on-state current after 
triggering to ly =2.5A 

Cathode gate to cathode 

Peak reverse voltage 


Peak forward current 


Anode gate to anode 
Peak reverse voltage 


Peak forward current 


Temperatures 
Storage temperature 


Operating junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to case 


Vpsm = VRSM 
VDRM= VRRM 
Vp=VR 
IT(AV) 

IT(AV) 


ITRM 


ITSM 
diz 


dt 


VRGKM 
IFGKM 


max. 70 
max. 70 
max. 70 
max 250 
max 175 
max. 2,5 
max. 3 
max. 20 
max. = 
max. 100 
max. 70 
max. 100 
—65 to +200 
max. 150 
= 450 
= 150 


A/us 


K/W 
K/W 


*These ratings apply for zero or negative bias on the cathode gate with respect to the cathode, and 


when a resistor R = 10 kQ is connected between cathode gate and cathode. 
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Thyristor tetrode 


CHARACTERISTICS 
Anode to cathode 
On-state voltage 

lt = 100 mA; Tj = 25 OC 


Rate of rise of off-state voltage 
that will not trigger any device 


Reverse current 
VR = 70V; Tj) = 25°C 
Tj 150 °C 


Off-state current 
Vp = 70 Vi Tj = 25 oC 
Tj = 150 °C 
Holding current 
RGK = 10 kt; RGa = 220 kQ; Tj = 25 OC 


Cathode gate to cathode 
Voltage that will trigger all devices 
Vp =6V; Tj = 25 o¢ 


Current that will trigger all devices 
Vp TG ¥iTj= 25 °C 


Anode gate to anode 
Voltage that will trigger all devices 
Vp evi 25 9C 


Current that will trigger all devices 
Vp =6 Vi ReK = 10 k82; Tj = 25 OC 





—VGAT 


—IGAT 


*Measured under pulse conditions to avoid excessive dissipation. 
**The dVp/dt is unlimited when the anode gate lead is returned to the supply voltage through a 
current limiting resistor. 





BRY39 


< 1.4 
typ. 1 
< 100 
< 2 
typ. 7 
< 100 
< 2 
<= 250 
= 0.5 
> 1 
= 1 
> 100 


y* 


BA 


LA 
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Switching characteristics 


Gate-controlled turn-on time (tgt = ty + tr) 
when switched from Vp = 15 V 
to It = 150 mA; Io = 5 uA; 
digk/dt= 5 wA/us; T) = 25 OC 


Circuit-commutated turn-off time 
when switched from I7 = 150 mA 
to Vp = 15 V;—di7z/dt = 3 A/ys; 
dVp/dt = 70 V/us; Vp = 15 V 





TETIStoe 


Fig.2 Gate-controlled turn-on time 
definition. 





454 November 1979 


tgt < 300 3=ons 









reapplied Vay 


TEPRSIOA 


Fig.3 Circuit-commutated turn-off time 
definition. 


Thyristor tetrode 
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BRY39 





aap 


i 


DESIT(7ZH0G94 
2 ee 
od 

=70V 


om 


4 
I 
I 


i | z ) 
q 


: ; F 


a GF 


[a oe 
—_— 


Fig. 7 
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Thyristor tetrode 


APPLICATION INFORMATION 
Sensing network 


sensor 


DOS 32 
(7260925) 


Fig.8 


Re must be chosen in accordance with the light, temperature, or radiation intensity to be sensed; its 
resistance should be of the same order as that of the potentiometer. 

In the arrangement shown, a decline in resistance of Re triggers the thyristor, closing the relay that 
activates the warning system. If the positions of Re and the potentiometer are interchanged, an increase 
in the resistance of Re triggers the thyristor. 
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BRY56 


PROGRAMMABLE UNIJUNCTION TRANSISTOR 


silicon planar p-n-p-n trigger device in a plastic TO-92 variant, intended for use in switching appli- 
cations such as motor control, oscillators, relay replacement, timers, pulse shaper etc. 


QUICK REFERENCE DATA 


Gate-anode voltage VGA max. /0V 


Anode current (average) latav) max. 175 mA 
Total power dissipation up to Ta-,p = 75 °C Prot max. 300 mW 
Junction temperature Tj max. 150 °C 
Peak point current 

Vg =10V; Rg =10kQ2 Ip < 5 pA 
Valley point current 

Vs=10V; Rg = 10kQ2 ly > 50 pA 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


anode 
2 


1 
(anode) gate 








3 
cathode TZ65410.1 






7270996.2 


diameter within 2,5max | 
is uncontrolled a 
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BRY56 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
—» Gate-anode voltage VGA 

Anode current (average) lAIAV) 
Repetitive peak anode current 

tp = 10 us; 6 = 0,01 IARM 
Non-repetitive peak anode current 

ty = 10 us lASM 
Rate of rise of anode current dia 

up to lA =2,5A — 

dt 

Total power dissipation up to Tah = 75 °C Prot 
Storage temperature T stg 
Junction temperature Tj 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a 


—— 1 
eS i ae ee ee 


Va el ak 
Preece sa\ 
PSEC 





0 50 100 - 


Fig. 2 Maximum permissible power dissipation 
as a function of ambient temperature. 
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max. 70 V 
max. 175 mA 


max. 2,5 A 
max. 3,0 A 


max. 20 A/ps 


max. 300 mW 
—65 to + 150 OC 
max. 150 °C 


= 250 K/W 


Programmable unijunction transistor 





CHARACTERISTICS 


Peak point current (see Fig. 10) 

Vg =10V; Rg = 10k2 ip 5 yA 

Vs =10V; Rg = 100 k2 lp 2 pA 
Valley point current (see Fig. 10) 

Vs =10V; Rg = 10 k22 ly > 50 wA 

Vs = 10 V; Rg = 100 k& igor 1B WA 

+40V O 
100 uF 
e 





7282612 


Fig. 3 Measuring circuit for Ip and ly by means of value of R1. R1 = (that is maximum voltage 


drop over R1 is 1 V). Internal resistance of oscilloscope is 10 M&. 





+Vp 
R2 
TUT. 
R1 
TEBIIIS 
Fig. 4 BRY56 with “program” Fig. 5 Equivalent test circuit for 
resistors R71 and R2. characteristics testing. 
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BRY56 


Gate-anode leakage current (see Fig. 6) 








IK =O0;Vea=70V Icao <= 10 nA 
Gate-cathode leakage current (see Fig. 7) 
Vak =0; VeK=70V Igks <= 100 nA 
; ——]__4Gks 
+ 
Vix 
a; 
TESS? : VP RITO1 
Fig. 6. Fig. 7. 
Anode-cathode voltage 
la = 100 mA VaK << %14¥V 
Peak output voltage (see Figs 8 and 9) 
Vaa =20V; C= 10 nF Vom => 6 V 
Offset voltage (see Fig. 10) Voffset = Vp-Vs (la = 0) 
Rise time (see Fig. 9) 
Vaa = 20V;C=10nF ty < B80 ns 
Vaan Vo 
7261196 
90%--—---——- 


Fig. 9. 


10% — 





| 
—~| tp he 





7282610 








462 November 1979 


BSRSO to 52 


N-P-N DARLINGTON TRANSISTORS 


Silicon planar transistors in plastic TO-92 envelopes, intended for industrial switching applications e.g. 
print hammer, solenoid, relay and lamp driving. 


P-N-P complements are the BSR60, BSR61 and BSR62. 


QUICK REFERENCE DATA 








Collector-base voltage (open emitter) VeCBO max. V 
Collector-emitter voltage (see Fig. 5) VCER max. V 
Collector current (average) IcfAy) max. 1,0 & 
Total power dissipation up to Tamyp= 25°C Prot max. 0,8 Ww 
Junction temperature Tj max. 150 oC 
Collector-emitter saturation voltage 

Ic =0,5A;lp=0,5mA VCEsat <= 1,3 V 
D.C. current gain 

lc = 150 mA; Vee = 10 V hee = 1000 

Ic = 500 mA; Vce = 10 V hee > 2000 
Turn-off time when switched from 

cut-off with —Ipoff = 0,5 mA toff < 1,5 Ls 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant, for circuit diagram see Fig. 2. 


92709942 








diameter within 2,5 max 
is uncontrolled — 
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BSRS50O to 52 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (/EC 134) 





— Collector-base voltage (open emitter) VcBO max. V 
Collector-emitter voltage (see Fig. 5) VcER max. V 
Emitter-base voltage (open collector) VEBO max. V 
Collector current (average) Ic(Ayv) max. 1,0 A 
Collector current (peak value) Icom max. 2,0 A 
Base current (d.c.) Ip max. 0,1 A 
Total power dissipation 

up tO Tamb = 25 OC Prot max. 0,8 Ww 
UP to Tampb = 25 OC * Prot max. 1,0 W 
Storage temperature Tstg —65 to + 150 °C 
Junction temperature ** Tj max. 150 oC 
THERMAL RESISTANCE ** 
From junction to ambient in free air Rthj-a = 156 K/W 





7264481.1A 


Fig. 2 Circuit diagram. 


* Transistor mounted on printed-circuit board, maximum lead length 3 mm, mounting pad for 
collector lead minimum 10 mm x 10 mm. 

** Based on maximum average junction temperature in line with common industrial practice. The 
resulting higher junction temperature of the output transistor part is taken into account. 
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N-P-N Darlington transistors BSR50 to 52 





CHARACTERISTICS 


Tj) = 25 oC 
Collector cut-off voltage 
le=O; Veep =45V BSR50 IcBo < 50 nA 
le =0; Veg =60V BSR51 IcBO < 50 nA 
le =O; Veg =80V BSR52 IcBO < 50 nA 
Emitter cut-off current 
Ic=0;Vep=4V lEBo = 50 nA 
Saturation voltages 
V + = 13 V 
lr =0,5 A: lp = CEsat ’ 
c 5A; lp =0,5 mA Vora = 19 Vv 
Io = 1,0 A; Ip = 1,0 mA psr51  VCEsat © TOV 
Cr Bt VBEsat < 2,2V 
= ‘ip R50: VCEsat < 16 V 
Ic = 1,0 A; Ip =4,0 mA BSR50; BSR52 SSE nay 
D.C. current gain 
Ic = 150 mA; Veg = 10 V hee > 1000 
Ic = 500 mA; Veg = 10 V hee > 2000 
omall-signal current gain at f = 35 MHz 
Ic = 500 mA; Vce =5 V hfe typ. 10 


Switching times see page 4. 
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BSR50 to 52 





Switching times (see Figs 3 and 4) 
ICon = 500 MA; IBon = —!Borf = 0.5 MA 
Turn-on time ton typ. 0,4 ws 


Turn-off time loff < 1,5 ps 


+38V 


Leon =500MA 
Taon = Tors = 05 mA 
7272065. 2 





Fig. 3 Test circuit for 500 mA switching. 





OUTPUT 





TETIOGS 


Fig. 4 Switching waveforms. 
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N-P-N Darlington transistors | BSR50 to 52 





FZ272903 


107) =e : 
. E oo max, external Ree vs T; for thermal stability 






















Fig. 5 
, — 7282481 
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Fig. 6 Maximum permissible power dissipation as a function of ambient temperature. 
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BSRSO to 52 





10-2 le (A) 


Fig. 7 Tj = 25 9C. 
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BSR60 to 62 


P-N-P DARLINGTON TRANSISTORS 


silicon planar transistors in plastic TO-92 envelopes, intended for industrial applications e.g. print 


hammer, solenoid, relay and lamp driving. 


N-P-N complements are the BSR50, BSR51 and BSR52. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcRo 
Collector-emitter voltage (see Fig. 6) —VcER 
Collector current (average) —Ic(AV) 
Total power dissipation 
Junction temperature qj 
Collector-emitter saturation voltage 

—l¢e = 0,5 A; —lp = 0,5 mA —VCEsat 
D.C. current gain 

—lI¢ = 150 mA; —Vcg = 10 V hee 

—lc = 500 mA;—Vee=10V hee 


Turn-off time when switched from 

to cut-off with + Ipo¢¢ = 0,5 mA toff 
MECHANICAL DATA 
Fig. 1 TOQ-92 variant, for circuit diagram see Fig. 2. 





diameter within 2,5 max 
is uncontrolled 








AN 


BSR60 


60 
45 
1,0 


0,8 
150 


12 





BSR61 | BSR62 





80 9 v= 
60 | 80 Vv 
1,0 | 10 A 
08 | O08 W 
150 | 150 °C 
13 | 14 V 
1000 
2000 


15 ps 





Dimensions in mm 


2 
Sou 
: min —_ 
3 


ei S.2max 2 p—\———_ 12, }min ——| 


WZ =_— 
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BSR60 to 62 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BSR60 | BSR61 | BSR62 





—® Collector-base voltage (open emitter) —VcBO max. 60 |, 80 | 390 V 
Collector-emitter voltage (see Fig. 6) —VcER max. 45 60 80 V 
Emitter-base voltage (open collector) —VERO max. 5 5 5 V 
Collector current (average) —Ic(ay) max. 1,0 4 
Collector current (peak value) —lom max. 2,0 A 
Base current (d.c.) —Ip max. 0,1 A 
Total power dissipation 

up to Tamph = 25 OC Prot max. 0,8 W 

up to Tamph = 25 PC * Prot max. 1,0 W 
Storage temperature Tstg —65 to + 150 oC 
Junction temperature ** Tj max. 150 oC 


THERMAL RESISTANCE ** 
From junction to ambient in free air Rth j-a = 156 K/W 





7Z729044 


Fig. 2 Circuit diagram. 


+ 


Transistor mounted on printed-circuit board, maximum lead length 3 mm, mounting pad for 
collector lead minimum 10 mm x 10 mm. 

** Based on maximum average junction temperature in line with common industrial practice. The re- 
sulting higher junction temperature of the output transistor part is taken into account. 
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P-N-P Darlington transistors BSR60 to 62 





CHARACTERISTICS 
Tj = 25 oC 
Collector cut-off current 
le =0;-—Vep=45V BSR60 —lcpo <= 50 nA 
le =0;—Vecp = 60 V BSR61 —IcBo < 50 nA 
le =9; —Vep=80V BSR62 —IcBo < 50 nA 
Emitter cut-off current 
lc =0;—-Vep=4V —leEBO < 50 nA 
saturation voltages 3 ; 
—~Ie = 0,5 A; —Ip =0,5 mA BSR6O; BSR61 yee 2 Hes 
= sat t 
~Ic = 0,5 A;—ig =0,5 mA BSR62 Bi se . ie : 
a Sat ' 
—Ic¢ = 1,0 A;—Ip = 1,0 mA BSR61 ae 7 Me 
—VpEsa ; 
~Ic¢ = 1,0 A; —Ip = 4,0 mA BSR60 aya z a : 
= sat ' 
—I¢ = 1,0 A;—Ip =4,0 mA BSR62 BY an - ue 
~ sat ' 
D.C. current gain 
—lce = 150 mA; —Vcg = 10 V hee > 1000 
—I¢ = 500 mA; —Vce = 10 V hee > 2000 
Small-signal current gain at f = 35 MHz 
—Ic = 500 mA; —-Vce = 5 V hfe typ. 10 


switching times see page 4. 
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BSR60 to 62 





Switching times (see Figs 3 and 4) 
Turn-on time ton <= 1,0 us 


Turn-off time toff <= 1,5 ps 


—38V 





6us edd 


~ICon = 500 mA 


—lBon = 'Bor¢ = 0,5 mA 7272905 











OUTPUT 


10% 


ty tr. ts Ur Fe v2906 


Fig. 4 Switching waveforms. 
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P-N-P Darlington transistors BSR60 to 62 
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Fig. 6 Maximum permissible power dissipation as a function of ambient temperature. 
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BSR6O to 62 
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Fig. 7 T; = 25 OC. Fig. 8. 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant. It is primarily intended for general purpose switching and 
as driver for numerical indicator tubes. 


QUICK REFERENCE DATA 
Collector-base voltage (open emitter) VcBo max. 120 V 
Collector-emitter voltage (open base) VCEO max. 100 V 
Collector current (peak value) lcm max. 250 mA 
Total power dissipation up to Tamp = 25 °C Prot max. 500 mW 
Junction temperature Tj max, 150 °C 
D.C. current gain x 9 

Ic=4mA;Vce=z1V hFE typ. 30 
Transition frequency at f = 35 MHz 

lc=4 mA; Vce = 10V fy > 60 MHz 
Turn-off time 

ICon = 15 MA; IBon = 1 MA; —l pete = 1 MA toff < 1 ws 
Note 


The BSS38 may be operated in the breakdown region up to Vcg = 160 V, provided Po at 
Tamb = 85 °C does not exceed 100 mW. 


MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92 variant. 





= 5,2max —---+————— 12,7 min ——— 





I270994,2 —_— 








diameter within 2,5max 
is uncontrolled = 





October 1984 475 





BSS38 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) VCBO max. 120 V* 
Collector-emitter voltage (open base) VcEQ max. 100 V* 
Emitter-base voltage (open collector) VEBO max. 5 V 
Collector current (d.c. or averaged 

over any 20 ms period) Ic(AV) max. 100 mA 
Collector current (peak value) lem max. 250 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 500 mW 
Storage temperature Tstq —65 to+ 150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 0,25 °C/mW 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current 


le =0; Vcp =90V ICBO 0 uUd«S 200 nA 
le = 0; Vcg = 90 V; Tj = 150 OC ICBO < 50 pA 
VBE = 9; Voge = 80 V; Tj = 85 OC Ices < 20 pA 
Emitter cut-off current 
Ic=0;Veg=4V leEBo <= 200 nA 
lc =0; Veg =4V; Tj = 150 9C lEBO = 50 pA 
saturation voltages 
= wile ee VCEsat “< 0,7 V 
Ic = 4mA; lp =0,4mA Vercar < 12V 
lc = 50 mA; Ip = 15mA VcEsat < 3,0 V 
D.C. current gain 
is ; 2 | > 20 
lc= 4mA; Vee =z1V hee typ. 80 
lc = 10 mA; Vee =1V hee typ. 80 


* The BSS38 may be operated in the breakdown region up to Vcg = 160 V, provided Pyoz at 
Tamb = 85 °C does not exceed 100 mW. 
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Silicon planar epitaxial transistor 





CHARACTERISTICS (continued) 
Transition frequency at f = 35 MHz 
Ic =4mA; Vee =10V 
Collector capacitance at f = 1 MHz 
le =l,=0;Vep=10V 
Emitter capacitance at f = 1 MHz 
lc = 1, =0; Veg = 0,5 V 
switching time 
Turn-off time when switched from 
ICon = 15 MA; IBon = 1 MA to cut-off with —Ip orf = 1 MA 
Test circuit for measuring turn-off time: 





TEGG4T4 


Pulse generator: 


Input voltage Vi =+10V 
Pulse duration to = lus 
Duty factor 6 = 0,01 
source impedance fg = 5022 


toff 





> 60 MHz 
< 4,5 pF 
< 17 pF 
= 1 ps 
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BSS50 to 52 





C7 
N-P-N DARLINGTON TRANSISTORS ie 


silicon planar transistors in TO-39 metal envelopes, intended for industrial switching applications e.g. 
print hammer, solenoid, relay and lamp. driving. 


P-N-P complements are the BSS60, BSS61 and BSS62. 


> er tee © 








Collector-base voltage (open emitter) VcBO max. = 
Collector-emitter voltage (see Fig. 4) VCER max. 
Collector current (d.c.) Ic max. 1,0 A 
Total power dissipation 

Up to Tamb = 25 PC Prot max. 0,8 W 
Collector-emitter saturation voltage 

Ic = 1,0 A; Ip = 1,0 mA BSS51 VeceEsat < 1,6 V 

Ic = 1,0 A; Ip =4,0 mA BSS50;BSS52  Vcesar  < 1,6 V 
D.C. current gain 

lc = 500 mA; Vee =10V hee > 2000 


Turn-off time when switched from 


cut-off with —Ipofe = 0,5 mA toff typ. 1,5 ps 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


w' 9789922.1 





TebG681 4 


Maximum lead diameter is quaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
© Products approved to CECC 50 004-073, available on request. 
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BSS50 to 52 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BSS50 | BSS51 | BSS52 


——— — 








— Collector-base voltage (open emitter) VCBO  —max. 60 80 90 V 
Collector-emitter voltage (see Fig. 4) VcER max. A5 60 | 80 V 
Emitter-base voltage (open collector) VEBO max. 5,0 5,0 5,0..V 
Collector current (d.c.) Ic max. 1,0 A 
Collector current (peak value) lcm max. 2,0 A 
Base current (d.c.) Ip max. 0,1 A 
Total power dissipation 

up to Tamb = 25 OC Prot max. 0,8 W 

UP tO Trace = 25 0C Prot max. 5,0 W 
Storage temperature Tstg —65 to + 200 o¢ 
Junction temperature * Tj max. 200 °C 


THERMAL RESISTANCE * 
From junction to ambient in free air Rthj-a = 220 K/W 
From junction to case Rthj-c = 35 K/W 


Based on maximum average junction temperature in line with common industrial practice. The re- 
sulting higher junction temperature of the output transistor part is taken into account. 
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N-P-N Darlington transistors BSS50 1052 





CHARACTERISTICS 
Gen 25 °C unless otherwise specified 


Collector cut-off current 


le = 0; Ven =45V BSS50 IcBO =< 50 nA 

le = 0; Vcg =60V BSS51 IcBO = 50 nA 

le = 0; Veg =80V BSS52 ICBO < 50 nA 
Emitter cut-off current 

lc = 0; Veg =4,0V lEBO = 50 nA 
Base-emitter voltage 

Ic = 150 mA; Veg = 10 V VBE 1,3 to 1,65 V 

lc = 500 mA; Vee = 10 V VBE 1,4 to 1,75 V 
saturation voltages ? ? 

ic = 500 Ar Ie =0,5mA elas (s : 

Ic = 500 mA; Ig = 0,5 mA; Tj = 200 °C VCEsat < 13 ¥V 

Ic = 1,0 A; Ig = 1,0 mA BSS51 eee . ite : 

Ic = 1,0 A; Ig = 1,0 mA; T; = 200 °C BSS51 VcEsat < 2,3 V 

Ic = 1,0 A; 1g =4,0mA BSS50; BSS52 via . i : 

lc = 1,0 A; lp = 4,0 mA; Tj = 200 °C BSS50: BSS52 VeCEsat < 1,6 V 
D.C. current gain 

Ic = 150 mA; Vee = 10 V hee > 1000 

I¢ = 500 mA; Vce = 10 V hee > 2000 
Small-signal current gain at f = 35 MHz 

lc = 500 mA; Vee =5V hfe typ. 10 





October 1979 4381 





BSS50 to 52 





Switching times (see Figs 2 and 3) 
ICon = 500 MA; IBon = —l Bore = 0,5 mA 


Turn-on time ton typ. 0,4 us 
Turn-off time tof typ. 1,5 ps 
ICon = 1,0 A; IBon = —l Bote = 1,0 mA 

Turn-on time ton typ. 0,4 ws 
Turn-off time toff typ. 1,5 ws 





Leon =500 mA 
Ten = ~lT pore = 0.5 mA 





T272065.2 








OUTPUT 
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Fig. 3 Switching waveforms. 
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N-P-N Darlington transistors BSS50 to 52 





TEETER. 2 





October 1979 483 


BSS50 to 52 
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N-P-N Darlington transistors 





Fig. 9 Tj = 25 OC. 
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BSS50 to 52 
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BSS50 to 52 
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BSS60 to 62 


C7 
P-N-P DARLINGTON TRANSISTORS Gg 


silicon planar transistors in TQ-39 metal envelopes, intended for industrial switching applications e.g. 
print hammer, solenoid, relay and lamp driving. 


N-P-N complements are the BSS50, BSS51 and BSS5?. 


QUICK REFERENCE DATA 


a ee ee ee = ee ee 











Collector-base voltage (open emitter) —VcRO max. 60 80 | 90 v= 
Collector-emitter voltage (see Fig. 4) -VcER max. 45 60 80 V 
Collector current (d.c.) —l¢c max. 1,0 A 
Total power dissipation 
up to Tamb = 25 PC Prot max. 0,8 Ww 
Collector-emitter saturation voltage 
—lc = 1,0 A; -Ip = 1,0 mA BSS61 -Vecesat <= 1,6 V 
D.C. current gain 
—Ic = 500 mA; —Vce = 10V hee > 2000 
Turn-off time when switched from 
—ICon = 500 MA; —I Bop = 0,5 mA 
to cut-off with ~!Boff = 0,5 mA toff tyo. 1,5 Ms 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 
Collector connected to case 
5 _Yo.5 
7 4 max 





| 
| | 1 
je! 5,08 be| 


9,4 
max 


| P2859R24 





TzT2904 e 
Maximum lead diameter is guaranteed only for 12,7 mm 
Accessories: 56245 (distance disc). 
Products approved to CECC 50004-074, available on request. 
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BSS60 to 62 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BSS60 | BSS61 | BSS62 





—® Collector-base voltage (open emitter) —VcBo max. 60 80 90 «OV 
Collector-emitter voltage (see Fig. 4) —VCER max. 45 60 80 6O6UV 
Emitter-base voltage (open collector) —VERO max. 5,0 5,0 5,0 V 
Collector current (d.c.) —Ic max. 1,0 A 
Collector current (peak value) —Icm max. 2,0 A 
Base current (d.c.) —Ip max. 0,1 A 
Total power dissipation 

up to Tamb = 25 PC Prot max. 0,8 Ww 
UP tO Tease = 25 OC Prot max. 5,0 W 
Storage temperature Tstg —65 to + 2700 oC 
Junction temperature * qj max. 200 oC 


THERMAL RESISTANCE * 
From junction to ambient in free air Rth j-a = 220 K/W 
From junction to case Rth j-c = 35 K/W 


* Based on maximum average junction temperature in line with common industrial practice. The re- 
sulting higher junction temperature of the output transistor part is taken into account. 
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P-N-P Darlington transistors 





CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 


Collector cut-off current 
le =0;-Vcep=45V 


le = 0; -Vcp =60V 
le =0;-VerR = 80V 
Emitter cut-off current 
Ic = 0;—Vep =4,0V 
Saturation voltages 
—I¢c = 500 mA; —Ip = 0,5 mA 
—I¢ = 500 mA; —Ip = 0,5 mA; Tj = 200 oC 
—Ic = 1,0 A; —Ip = 1,0 mA 
—Ic = 1,0 A; —Ig = 1,0 mA; Tj = 200 °C 
—lIc = 1,0 A; —Ip = 4,0 mA 


—Ic = 1,0 A; —lg = 4,0 mA; te 200 °C 
D.C. current gain 

—lIc = 150 mA; —Vcge = 10 V 

—Ic¢ = 500 mA; —Vce = 10 V 
small-signal current gain at f = 35 MHz 

—Ic = 500 mA;—Vce =5V 


BSS60 
BSS61 
BSS62 


BSS61 
BSS61 
BSS60; BSS62 
BSS60; BSS62 


—lcBo 
—lcBo 
—IcBo 


—lEBO 

—VCEsat 
—VBEsat 
—VCEsat 
—VCEsat 
—VBEsat 
—VCEsat 


—VCEsat 
=v BEsat 


—VCEsat 


NFE 
NFE 


Nfe 
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BSS60 to 62 





Switching times (see Figs 2 and 3) 


Turn-on time ton typ. 0,4 ps 
Turn-off time toff typ. 1,5 ps 
—ICon = 1,0 A; —lBon = | Bott = 1,0 MA 

Turn-on time ton typ. 0,4 us 
Turn-off time toff typ. 1,5 ps 


—38V 
Bus Ee 


| = —— 6 ce oe eee ee 


leon = 500 mA fl ee ee fe ee - 
7272905 





—'Bon = !Borf = 9.5 mA 





OUTPUT 


ont 


ot 7272906 


Fig. 3 Switching waveforms. 
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P-N-P Darlington transistors BSS60 to 62 
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BSS60 to 62 
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Fig. 6 Thermal impedance as a function of pulse duration. 
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P-N-P Darlington transistors BSS60 to 62 
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BSS68 





HIGH-VOLTAGE P-N-P TRANSISTOR 


Silicon planar epitaxial transistor in a plastic TO-92 variant. It is intended for anode switching in 
dynamically driven numerical indicator tubes and as general purpose switching device. 


QUICK REFERENCE DATA 





Collector-emitter voltage (Rae = 10 kf) —VcER max. 110 V 
Collector-emitter voltage (open base) —VcEQ max. 100 V 
Collector current (d.c.) —Ic max. 100 mA 
Total power dissipation up to Tayjp = 25 PC Prot max. 500 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain at Tj = 25 °C 

—lc¢ = 25mA;—-Vcee =5V hee > 30 
Transition frequency at f = 35 MHz 

—lc = 25 mA; —VceE =5 V iT > 50 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


4 0,40 
Z 4 min 





TEI099G..2 






diameter within 2,5max_ | | 
is uncontrolled >! + 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Voltages 


Collector-base voltage (open emitter) 


Collector-emitter voltage (Rpp = 10 ke2) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Current 


Collector current (d.c.) 


Power dissipation 


Total power dissipation up to Tamph = 25 °C 


Temperatures 
storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 
Collector cut-off current 


IR = 0; -Vor = 100 Vv: T; = 70 iO 


Saturation voltages 
-I[c =25 mA; “Ip =2,5 mA 


D.C, current gain 
a Fa = 10 mA: -VcE =5V 


-Ic = 25 mA; -Vorp =5 V 


Collector capacitance at f = 1 MHz 
Ig =I, = 0; -Vcp =10V 


Transition frequency at f = 35 MHz 
-Ic¢ = 25 mA : -VcCE =5 VY 


496 


-VcRO 
-VCER 
-VCEO 
-VEBO 


Reh j-a 


Max. 


Max. 


110 
110 


100 


-65 to +150 


max. 


150 


0,25 


mW 


OL 


°C /mW 


T, =25 °C unless otherwise specified 


J 


“IcBo 


~VCcEsat 
-V BEsat 


DFE 
OPE 


Ce 


fr 


N 


10 


250 
900 


30 
30 


50 


mv 
mV 


pr 


MHz 
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BSV15 to 17 








ee 
SILICON PLANAR EPITAXIAL TRANSISTORS - 


P-N-P transistors in TO-39 metal envelopes with the collector connected to the case. These transistors 
are intended for general industrial applications. 


QUICK REFERENCE DATA 








BSV15 | BSV16 | BSV17 





Es 


Collector-emitter voltage (open base) —VCEQ max. 40 60 80 
Collector current (d.c.) —Ic max. 1,0 
Total power dissipation 
up to Tamb = 25 9C Prot max. 0,8 W 
UP tO Tease = 25 PC Prot max. 5,0 W 
Junction temperature Tj max. 200 bd Os 


Transition frequency at f = 20 MHz 
—I¢ = 50 MA; —Vcg = 10 V fy = 50 MHz 
BSV'15—6 | BSV15—10 BSV15—16 
BSV16—6 | BSV16—10 | BSV16—16 


D.C. current gain BSV'17/—6 | BSV17—10 





—l¢ = 100 mA; —VceE=1¥V here 40—100 | 63-—160 100—250 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


0,86 
max * 
td 


“5° | 





rr es Rec eel 
md * 


min 7Z59322.4 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


© Products approved to CECC 50 002-131, available on request. 
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BSVIS to 17 








RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 


Voltages BSV15 | BSVI6| BSV17 





Collector-emitter voltage (open base) -VCEO max. 40 B80 «OV 
Collector-emitter voltage (Vpr = 0) -VCES max. 40 90 V 
Emitter-base voltage (open collector) -VERO max. 5 ao ¥ 
ee, 
Currents 
Collector current (d.c. ) slp max. 1.0 A 
Base current (d.c.) -Ip max. 200) mA 
Power dissipation 
Total power dissipation up to Tapp = 25°C Prot max. 0.8 W 
up tO Tease = 25°C = Prot max. 5.0 W 
upto Tmb =50°C Prot max. 5.0 W 
Temperatures 
Storage temperature Tstg -65 to +200 a, 
Junction temperature Tj max. 200 °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 220 °C/W 
From junction to case Rth j-e = 35 °C/W 
From junction to mounting base Rth j-mb = 30 °C/W 
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BSVI5 to 17 





CHARACTERISTICS Tamb = 25 °C unless otherwise specified 


Collector cut-off currents 











Ver =o) -¥oR = 205 “ICES 
Ver = 0; -Vor = 40 V: Tamb = 150 °C -IcRes 
VBE = 0; -Ver = 60 V -lcES 
VBE = 0; -Vcg = 60 V: Tamb = 150 °C -ICES | 
i 
VBE =0;-Vcp = 80V -IcES | 
Vee = 0: -Vcr = 80 V: Tamp = 150 °C -Icrs < | —- | 50 pA 
-Vpr = 0,2 V: -Vor =40V; Tamb= 100°C —-IcRx <5) | -- — pA 
—Vpr =0,2 V; -Vor = 60 V; Tamb= 100°C 1 -IoRy < “ail 50 =<. 1A: 
-Vpp = 0,2 V:-Vor =80V:Tamp= 100°C -IcRy < : — | 50 pA 
Emitter cut-off current 
ar intake ohn 
Ic =0;-Vep=4V -IERO < 50 | 50 |} 50 nA 
Breakdown voltages | 
Ip = 0; -Ic = 50 mA; tp = 200 ps; 6 = 0,01 -VipRICEO > 40 | 60 | 80 V 
VBE = 0; -Ir =10uyA ~V(BR)CES = 40 60 90 =V 
Ic =(Q: -Ip =10yA -V(BR)EBO => = a » V 
EN eee 
Base-emitter voltage 
=l = 100 mA; =Vien =1V ~VRFE = 1,0 V 
Soe eS eee trae: typ. 0,65 V 
Ic 500 mA; -\ Ch= 1 VBE 0,7 to 1,4 V 
Saturation voltage 
-Ic = 500 mA; In =25 mA -Vcksat = aly V 
Collector capacitance at f = 1 MHz 
typ 20 pF 
— =(): —<Vrp = ij ris: f 
Ip =Ie = 0; -Vap=10V BSV15;BSV16 Co 2 aa OF 
sai cots - 4 typ 15 pF 
Ip =1, =0;-Vcp=10V BSV17_ Cy é: ae DE 
Emitter capacitance at f = 1 MHz 
Ic =Ie = 0; -Vep=0,5 V Ce typ. 180 pF 
Transition frequency at f = 20 MHz 
“Ic = 590 mA; -Vcr = 10V f>p > 50 MHz 
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CHARACTERISTICS (continued) Tamb = 25 °C unless otherwise specified 


BSV15-6 | BSV15-10] BSV15-16 
BSV 16-6 | BSV16-10| BSV16-16 


D.C. current gain BSV17-6 | BSV17-10 
“Ic =0.1 mA; -Vcop =1V hrr man yf i 
sig 7 es TOR eV aEE ae to ‘Bo 100 to eh 
~I¢ = 500 mA; -Vop =1V bpp op: 7 





a 


h parameter at f = 1 kHz 
ole =1 mAs =Vor=o¥ 
small signal current gain hfe > 20 


Switching times 


Turn-on time 


-Ic = 100 mA; -Ip = tipyy = 5 mA ton < 500 ns 
Turn-off time 
-Ic = 100 mA; -Ip = +1pyy = 5 mA 
Storage time ts < 900 ns 
Fall time tf < 150 ns 


Test circuit: 





TIES 329 


Pulse generator: Oscilloscope: 

Pulse duration tp 2 10 ps Rise time =< 15ns 
Rise time ty = lions Input impedance > 100 k2 
Fall time tf < l5 ns 


Source impedance Rg= 50 & 








5902 
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BSV15 tol7 





1 0 : 7262505 





| Ll 
EH | Tmb £50 °c FE 
Sonar EE | SS 
“Ic Te ea | 


repetitive pulse operation: 6=0.01 
meee ee eee 
eEeEeEeEeEEEE——————————————— a, 
Se SC CO eR a 
a ; : i =e 
wet on (d c.) Mah I'S ~ | P| 
—— TARAS ty= 


CoS Nr ue I. 


PT AAS oy 


1 10 = -VcE (V) 102 


Safe Operating Area with the transistor forward biased 


I Region of permissible d.c. operation 


II Permissible extension for repetitive pulse operation 
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BSVI5 to 17 
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BSV15 to 17 
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BSVI5 to 17 
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- 
SILICON PLANAR EPITAXIAL TRANSISTOR Ge 


N-P-N transistor in a TO-39 metal envelope primarily intended for use as a print hammer drive. |t has 
good high current saturation characteristics. 


QUICK REFERENCE DATA 





_ os 


Collector-base voltagé (open emitter) Vcpo max. 100 V 


Collector-emitter voltage (open base) VcEO max. 60 V 
Collector current (peak value) lcm max. 5,0 A 
Total power dissipation up to Tease = 50 PC Prot max. 5,0 W 
Junction temperature Tj max. 175 °C 
D.C. current gain 

Ic=2A;Vcp=2V hee > 40 
Transition frequency at f = 35 MHz 

Ic=O0,5A;Vcp=5V fT typ. 100 MHz 


Turn-off time when switched from 


with —lIpor¢ = 0,5 A toff < 1,2 ys 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


t ————" 0,51 
ras 
as —— 


| 
LL 6,6 oa 12,7 | 
mo mit 


72599224 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


= Products approved to CECC 50 004-025, available on request. 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Voltages 


Collector-base voltage (open emitter) 


Collector-emitter voltage (Rapp = 50 £2) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Currents 
Collector current (d.c.) 
Collector current (peak value) 


Base current (d.c.) 


Power dissipation 


Total power dissipation up to Tease = 50 9C 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to case 


510 


VoRo 
VCER 
VCEO 
VEBO 


max, 


Max. 


-55 to+175 


max. 





175 


December 1975 


Vl 


9c /W 





Silicon planar epitaxial transistor 





CHARACTERISTICS 


Tj = 275°C 
Collector cut-off current 

[le =0; Veg =60V IcBo < 10 wA 
Emitter cut-off current 

lc =O;Vep=4V lEBO < 10 pA 
Saturation voltages 

IC=5A; ig =0.5A MCE EaE ee) Soe 

, VBEsat < ad 

D.C. current gain 

Ic=2A;Vce=2V hee > 40 
Collector capacitance at f = 1 MHz 

le =12=0; Veg = 10V Cc. = 80 pF 
Transition frequency at f= 35 MHz 

Ic=O5A;Vcpe=5V fT typ. 100 MHz 
Switching times 

ICon = 5 A; IBon = —!Boff = 9.5 A 

—VBEoff =2V 

turn-on time ton < 0,6 us 

turn-off time toff a 1,2 us 
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Safe Operating Area 


I Region of permissible d.c. operation 
If Permissible extension for repetitive pulsed operation 
IT D.C. operation in this region is allowable, provided Rpg < 50 2 
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BSW66A to 68A 





ee 
SILICON PLANAR EPITAXIAL TRANSISTORS See 


N-P-N transistors primarily intended for general purpose industrial and switching applications. 


QUICK REFERENCE DATA 
BSW67A | BSW68A 


ES 





Collector-base voltage (open emitter) VcBO 120 150 V 
Collector-emitter voltage (open base) VcEO 120 150 «=#2OV 
Collector current (peak value) lcm max. 2 A 
Total power dissipation up to Tegse = 25°C = Pegs max. 5,0 W 
Collector-emitter saturation voltage 

Ic = 500 mA; Ip = 50 mA VcEsat < 400 mV 
D.C. current gain 

lc= 10mA; Vee =5V hee = 30 

Ic = 500 mA; Vee =5V hee > 30 
Transition frequency at f = 35 MHz 

Ic = 100 mA; Vee = 20 V fT typ. 130 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case. 


| 72599R24 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


© Products approved to CECC 50 004-040, available on request. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134} 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) * 


Emitter-base voltage (open collector) 


Collector current (d.c. or average) 
Collector current (peak value; ty = 20 ms) 


Total power dissipation up to 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 

IE = 0; Veg = VoBOmax 

le = 0; Vee = 2VcBOmax 

le =0; Veg = ”2V CBOmax: |} =150°C 
Emitter cut-off current 

lc=0; Ven =oV 

lc =O; VeRp=aaV 
Collector-emitter breakdown voltage 

Ip =0;!c =10mA 
Saturation voltages 

lc = 100 mA; Ip = 10 mA 


lc = 500 mA; lp = 50 mA 


lc = 1,0 A; lp = 150 mA 


* See Application Information 
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ICBO 
ICBO 
ICBO 


lEBO 
lEBO 


VIBRICEO 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


max. 


i 


‘Ny 


V 


AA AA AA 


BSW6G6A | BSW67A | BSW68A 
150 
150 





0,8 
5,0 


—65 to + 200 
200 


220 
35 


100 
100 
50 


100 
100 
BSW66A |BSW67A |BSW68A 
100 120 150 





150 
900 


400 
1,1 
1,0 
1,4 


rPPrPe<«c¢< 


gs 


°C 


°C/W 
OC/W 


Silicon planar epitaxial transistors 


D.C. current gain 


lc = 10 mA; Vee =5V 


Ic = 100 MA; Voce =5V 


Ic = 500 mA; Vee =5 V 


Ic= T0A;Vce=5V 


Collector capacitance at f = 1 MHz 
le =le=90; Veg =10V 


Emitter capacitance at f = 1 MHz 


Ic =1-=0; Veg =0 


Transition frequency at f = 35 MHz 

Ic = 100 mA; Vege = 20 V 
Turn-on time (see Fig. 2) 

ICon = 500 mA; IBon = 50 MA; —VBE off = 4 V 
Turn-off time (see Fig. 2) 

ICon = 500 MA; IBon = —! Bote = 50 MA 


Pulse generator: 


ty = 5 us 
tp = 10ns 
te = 10 ns 
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Fig. 2 Test circuit for saturated switching characteristics. 


Veo = 13 Vi Ving = 21 V. 


20 pF 


300 pF 


130 MHz 


0,5 ps 


0,9 ps 
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Fig. 4 Ic/lp = 10; Tj = 25 °C: typical values. 
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Silicon planar epitaxial transistors BSW66A to 68A 
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APPLICATION INFORMATION 
Clamped inductive load turn-off capability 


With a base-emitter resistance of = 330 22, i.e. an available reverse base current of = 2 mA, and the 
maximum permitted clamping voltage i.e. the rated VeEQmax, the transistor will be free from second- 
breakdown effects when turning off from collector current values up to the rated Icjfmax of 2 A. 

see Figs 10 and 11. 


—0+105V 











7277651 


Fig. 10 Test circuit: Vijjy = 50 V; ty = 3 ms; 5 < 0,03. 
D1 = BY206 or combinations of suitable faster diodes. 
Vo Adjusted to make Vic_) equal to rated VcEQma, (see Fig. 11). 


7277655 





Fig. 11 Waveforms. 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-18 metal envelopes, primarily intended for high-speed saturated switching and 


h.f. amplifier applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO 
Collector-emitter voltage (open base) VCEO 
Collector-emitter voltage (Vp¢e = 0) Vces 
Collector current (peak value) lcm 
Total power dissipation up to Tampb = 25 °C Prot 
D.C. current gain at i= 25 °C 

lc= 10mA;Vee=z1V hee 

lc = 100 mA; Vee = 2 V hee 
Transition frequency 

lc = 10 mA; Veg = 10 V fT 
Storage time 

Ic =lp=—lIpy =10mA ts 





——-—— a 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 


max 





Accessories: 56246 (distance disc). 








20 to 60 
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400 


10 


= yd we att 12,7min ——+ 


72694201 


40 to 120 
20 


500 MHz 


13° sons 


Dimensions in mm 
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RATINGS (Limiting values) !) 


Voltages 
Collector-base voltage (open emitter) Vcso 
Collector -emitter voltage (open base) VCEO 
[ | aye 7 — fb ] * fa y= r cs a 1 ; r a 
Collector-emitter voltage with Vpp = 0 Vers 
Emitter -base voltage (open collector lone 

| ge (open collector) VERO 


Current 


Collector current (peak value; t = 10 us) lon 


Power dissipation 
pains Eo a cbebrad 


a r . co 8 Pa Pe - = - 4 

Total power dissipation up to Tarp = 25 °C Pot 
Temperatures 
storage temperature 

ge temperature T stg 
Junction temperature qT; 
THERMAL RESISTANCE 
From junction to ambient in free air Reh j-a 
Prom junctios ; 

junction to case Reh j-c 


Mids . 


Max. 


max. 


max . 


max. 


Max. 


360 


-69 to +200 


Mak . 


200 


mA 


mW 


oO Cc 
i 


l) Linen values according to the Absolute Maximum System as defined in 


IEC publication 134. 


wr 


SE 


oe | —— 


[mew 
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CHARACTERISTICS 

Collector cut-off current 
Ip = 0; Vop=20V 
In = 0; Vep = 20 V; qT; = 150 °C 
Veg = 03 Vog = 15 V; Tj = 55 °C 
Veg = 03 Vcp = 40 V 


Emitter cut-off current 


I= 0; Vep=4.9V 


Currents at reverse biased emitter junction 


VcE = 15 V;-Vpg = 3 V; Tj = 55 °C 


Sustaining voltages 
Ia = 10 mA; ip = 0 
lo = 10 mA: Rpr = 109 


Base-emitter voltage (see also page 8) 
Iq = 30 HA; VoR = 20 V; Tj = 100 °C 


Saturation voltages 
, BSX19: Ip = 0.6mA 


Ic* 10 mA; Bsx20: Ip = 0.3 mA 


Ic = 10 mA; Ip= IlmA 
Ic = 100 mA; Ip = 10 mA 


Collector capacitance at f = 1 MHz 


ly; = T2'= 0; Vopz 9 V 


Emitter capacitance at f = 1 MHz 


In = 1. = 0; Veprlv¥ 
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ICBO 
ICBO 
IcES 
ICES 


TEBO 


ICEX 
-IBEX 


VCEOsust 
VCERsust 


VBE 


Vo Esat 
VCEsat 
VBEsat 


VCEsat 
VBEsat 


A A A OA 


= 


400 
30 
0.40 
1.0 


10 


0.35 


0.3 


0.25 


0.70 to 0.85 


A OA 





0.60 
1.50 


4.5 


Tj = 25 °C unless otherwise specified 


nA 
LA 
LA 
BLA 


pA 


pA 
pA 
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BSX 19 
BSX20 





CHARACTERISTICS (continued) 
D.C. current gain 
LO mA; Vcr = 


in = LV 


Io = 
Ic = 100 mA; Vorg = 


LO mA; VCE = 
2V 


Transition frequency 


Ic = 10 mA; Veg = 10 V 


Switching times 
Storage time ( see also relevant Figs. ) 


Ic = Ip = -Ipyy = 10 mA 


Test circuit: 


Pulse generator: 


Rise time tr < Ll 
Pulse duration t > 300 
Duty cycle b = Q.02 


Source impedance 


IV; Tj = -55 °C 





J 
BSX19 


BSX20 


T. = 25 °C unless otherwise specified 





20 to 60 


her = LO 
her > 10 


> 400 
fy Z 
typ. 500 
: typ. 5 
5 7 LQ) 
voltage at 
point P 
+10V 
50.2 
BA 
950.0, voltage at 
pont 
’ ve 
72OG697 
Oscilloscope: 
ns Input impedance 
ns Rise time 
Q 


40 to 120 
20 
20 


500 
600 





MHz 
MHz 


ns 
ns 
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CHARACTERISTICS (continued) T; = 25 °C unless otherwise specified 
Switching times 


Turn on time ( see also relevant Figs.) 














from -VBE = 1.5 Vto lc = 10 mA; Ip=3mA ton < 12 =ns 
from —Vpr = 2.25 V to Ic = L100 mA; Ip = 40 mA CA 7 ns 
Turn off time ( see also relevant Figs.) 19) 

from Ic = 10 mA; Ip =3 mA BSX 19 toff < 15 ns 
to cut-off with -Ipyy = 1.5 mA BSX20 toff < 18 ns 
from Ig = 100 mA; Ip = 40 mA to cut-off BSX19 toff < 18 ns 
with -Ipy = 20 mA BSX 20 tof¢ < 21 ns 

Test circuit: Vec 





Vea fan 
Pulse generator: Oscilloscope: 
Rise time tr < lL ns Input impedance R,; = SO 2 
Pulse duration t > 300 ns Rise time t << I. na 
Duty cycle 56 < 0.02 
Source impedance Rg = a0, PR 






[ers nine [urn of une 
Ic | i -Ipyr ro RI: R2 | ma | R4 | -Vpp Veg | -Vi- 

| (mA) | (mA) (mA) WW) | (kQ) 2) (V) (V) (V) 

| 10 | [.5 3.3 50 220 | i: 0 12.0) 15 
100 40 20 0.33 | 56 - 05 lo.a | 200-4) 

Note 

-Ipm is the reverse current that can flow during switching off. The indicated 


-Ipm is determined and limited by the applied cut-off voltage and series re- 
sistance. 
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BSX45 to 47 





e 
SILICON PLANAR EPITAXIAL TRANSISTORS ee 


N-P-N transistors in TO-39 metal envelopes with the collector connected to the case. These transistors 
are intended for general industrial applications. 


QUICK REFERENCE DATA 





BSX45 | BSX46 | BSX47 
Collector-emitter voltage (open base) VcEO max. 40 60 80 V 
A 


Collector current (d.c.) Ic max. 1 
Total power dissipation 

UP tO Tease = 25 OC Prot max, 6,25 W 
Junction temperature Tj max. 200 9c 


Transition frequency at f = 20 MHz 
Ic = 50 mA; Vce = 10 V or > 50 MHz 


D.C. current gain 





Ic = 100 MA; Veg =1V hee 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case. 


72893221 





Maximum lead diameter is quaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


© Products approved to CECC 50002-174, available on request. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BSX45 | BSX46 | BSX47 





Collector-emitter voltage (open base) VcEO 

Collector-emitter voltage (Vpe = 0) VcES 

Emitter-base voltage (open collector) VEBO 

Collector current (d.c.) le 

Base current (d.c.) Ip 

Total power dissipation up to Trace = 25 OC Prot max. 6,25 W 
Storage temperature Tstg —65 to + 200 oC 
Junction temperature Tj max. 200 oC 


THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 200 K/W 
From junction to case Rthj-c = 28 K/W 
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CHARACTERISTICS 
Tamb = 25 OC unless otherwise specified BSX45 | BSX46 | BSX47 
Collector cut-off currents typ 1 | 1 ees 
Vee =0; Vee =60V Ices z 30 | 30 oF on 
oe aa 3 oO typ. 1 1 — pA 
Vee =0; Vce = 60 V; Tamb = 190 PC ICES Z 40 | 10 ae 
Vee =O; Vee = 80 V ICES = a yl ee 30 nA 
Vee = 9; Vege = 80 V; Tamb = 150 OC Ices —_ _ | — 10 pA 
Vee =9,2 V; Veg = 60 V; Tayp = 100°C Icex = 50 | 50 ; — pA 
Vee = 0,2 V: Voge = 80 V; Tamb = 100°C IcEX 2 = | z 50 yA 
Emitter cut-off current 
lc =0; Ven HSV lEBO < 10 | 10 10 nA 
Collector-emitter breakdown voltage | 
open base; Ic = 50 mA ViBRICEO => 40 | 60 | sO V 
Vee =0; lc = 100 nA ViBR)CES => 80 | 100 | 120 V 
Emitter-base breakdown voltage | 
open collector; Ip = 100 wA ViBR)EBO = ‘| 7 | 7 eV 
Base-emitter voltage | 
ic = 100 MA; Vog =1V VBE < ae bee ae a 
> 0,75 | 0,75 0,75 V 
oo ane cee VBE < 150 | 150 | 1,50 V 
| typ. 1,30 | 1,30 | 1,30 V 
lc=1A;Vce=z1V VBE < 9.00 | 2,00 2,00 V 
f | # # 
Saturation voltage | ; - 
ic = 1000 mA; Ig = 100 mA Vcceat oe =e | “ ae 
| ae 5 V 
Ic = 500 mA; ip = 25 mA VCEsat = = | _ at V 
Transition frequency at f = 20 MHz | 
Ic = 50 mA; Vce = 10 V fT > 50) 50 50 MHz 
Collector capacitance at f = 1 MHz 
le =12=0; Veg =10V Ce < 25 20 15 pF 
Emitter capacitance at f= 1 MHz 
lc = 1, = 0; Veg = 0,5 V Ce < 80 80 80 pF 
Noise figure at f= 1 kHz 
Ic = 100 wA; Voce = 10 V | 
Rs = 1k; B = 200 Hz F typ. 3,5 3,5 3,5 dB 
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D.C. current gain 
Ic = 100 pA; Vee =1V 


lc = 100 mA; Vee =1V 


Ic = 500 mA; Vee =1V 


lIc=1A;Veez=1V 
switching times (see Fig. 2) 


Icon = 
Turn-on time 


Turn-off time 


100 mA; IBon = —!Boff =5 mA 


NFE 
NFE 
NFE 


NFE 


ton 
loff 








Pulse generator: 


Pulse duration ty 
Rise time tr 
Fall time ty 
Source impedance 2c 





048 
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AAW 


Fig. 2 Switching times test circuit. 


10 ps 
15 ns 
15 ns 
50 £2 


BSX45-6 | ca ieta | BSX45—16 
BSX46-6 | BSX46—10 | BSX46—16 
BSX47-6 | BSX47— 10 | 
10 | 15 25 
28 | 40 90 
40 | 63 100 
63 | 100 160 
100 | 160 250 
15 oot 25 35 
25 40 60 
15 20 30 
200 ns 
850 ns 
, T262451 
Oscilloscope: 
Rise time tt = £15ns 
Inputimpedance 2, = 100k 
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7282380.1 





non-repetitive pulse | 
| | | |] operation (6=0) - 
Cmax | 


1 Soo aad | O us 
ANAS 


FASS i 


ETE SSS Neate 
| tT lr NN ‘ 


10711 


Fig. 3 Safe Operating ARea; Trace = 25 OC*. 
| Region of permissible d.c, operation. 
1! Permissible extension for non-repetitive pulse operation 


* At case temperatures > 25 °C derate constant power portion of boundaries such that 
200 — Tease 
(tp, o)} =———_——_-. [For very short forward mode pulse durations, i.e. to <3 ws, assume 3 ps 
“th (tp, 0) 
values for Z+p,.) 
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Fig. 5 Maximum permissible power dissipation as a function of temperature. 
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Fig. 6 Ic¢/lp = 10; —— typical values; — — — limit values at Tamb = 25 oC, 
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Fig. 7 Ic/lp = 10; —— typical values; — — — limit values at Tap = 25 OC. 





December 1979 551 





BSX45 to 47 





f£82388. 1 





lc 
(A) 
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Fig. 8 Typical values; Tj = 25 °C. 
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Fig. 9 Typical values; Tj = 25 OC, 
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| a 1 10, 102 Io (mA) 103 
Fig. 10 Voge = 1 V; —— typical values; — — — limit values at Tamp = 25 °C. 
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Fig. 11 Vege = 1 V; —— typical values; — — — limit values at Tamp = 25 OC. 
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Fig. 12 Voge = 1 V; —— typical values; — — — limit values at Tarp = 25 OC. 
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10 102 ic (mA) 107 
Fig. 13 Veg = 10 V; f = 20 MHz; Tj = 75 9C. 
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Fig. 14 Veg = 1 V; —— typical values: 


— — — limit values at Tarp = 25 OC. 
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104 T2837391 
CBO a at 
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Baintntataiarail 
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Fig. 15 Vego = 60 V for BSX45 and BSX46; 
VcBo = 80 V for BSX47. 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in a TO-39 metal envelope with the collector connected to the case. The BSX59, 
BSX60 and BSX61 are primarily intended for very high speed core-driving purposes. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 
Total power dissipation up to Tamph = 25 OC 
Junction temperature 
D.C. current gain 

lc = 500 mA; Vee =1V 
Saturation voltage 

Ic = 500 mA; Ip = 50mA 


Transition frequency 
Ic = 50 mA; Veg = 10 V 


Turn-off time 
ICon = 500 mA; IBon = —lBotf = 50mA 
MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case. 





VcBO max 
VCcEQ max 
lcm max 
Prot max 
qj max 
hee > 
VCEsat ~< 
fT typ. 
toff = 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 





| 70 100 


MHz 


ns 


Dimensions in mm 


- 
V2 599221 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 





Voltages BSX59 | BSX60 | BSX61 
Collector -base voltage (open emitter) VcBOo max. 70 70 70 V 
Collector-emitter voltage (open base) 

Ic = 10 mA | VCEO max. 45 30 45 V 
Emitter -base voltage (open collector) VEBO max. 5 fs) a 
Currents 
Collector current (d.c.) le max. l 
Collector current (peak value) lon, max. 1 A 
Emitter current (peak value) -lew max. l 


Power dissipation 


Total power dissipation up to Tamph = 25 °C Prot max. 0.8 W 


Temperatures 


Storage temperature T stg -65 to +200 °C 
Junction temperature T; max. 200 % 
THERMAL RESISTANCE 

From junction to ambient in free air Rthj-a = 220 °C/W 
From junction to case Rth j-c = 43 °C/W 
From junction to mounting base Rthj-mb - 35 °C/W 
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CHARACTERISTICS T; = 25 °C unless otherwise specified 
Collector cut-off current BSX59 | BSX60 | BSX61 





In = 03 Vop = 40 V IcBo < 500 | 500 | 500 nA 

Ig = 0; Vop = 40 V; T, = 150 “Co IcBo < 300 | 300 | 300 wa 
Emitter cut-off current 

Ic = 0; VER z4 V IRBO < 300 300 500 nA 

Iq = 0; Vep = 4 V; Tj = 150 i IEBO “< 50 30 50 wA 


Currents at reverse biased emitter junction 


== ‘i = * = At ! +ICEX 
VBE = 4 Vi Vcg = 40V -Ipggx < 500 | 500 |1000 nA 


= 1809 tIcEX : 300 | 300 | 500 wA 


-Vpar=4V; V = 40 V; T 
BE CE j ~IBRX 


Saturation voltages 


_ a To = = ’ VcEsat = 0.3 0.3 0.5 V 
Ic 150 mA; Ip = 15 mA Wace 2 1.0 1.0 1.0 V 
Ic = 500 mA; Ip = 50 mA — > 0.85 0.7 0.7 V 

BEsat - 1.2] 1.3 | 1.3 V 

- . a VcEsat = 1.0 1.0 1.3 V 

Ic 1A; Ip ees VBEsat < 1.8 | 1.8 1.8 V 
D.C. current gain 

= 15 - VF = ] = 30 30 30 
Ic = 150 mA; VcE zl V heR typ. 70| 90 105 

_¢ . es . = 30 30 30 
Ic = 500 mA; VcR=1V hFR ” 90 90 90 

. > 20 25 20 
Io = LAs Vop tov hRE typ 40 50 55 


Transition frequency 
Ic = 50 mA; VCE =10V ft 


Collector capacitance at f = 1 MHz 


Ip = Ie = 03 Vap = 10 V ‘ 


Emitter capacitance at f = | MHz 


Io = 1, = 03 VER = 0.5 V Ce 
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CHARACTERISTICS (continued) T) = 25 °C unless otherwise specified 


Recovered charge | 
Iq = 500 mA; Ip = 50 mA BSX60 oC - 3° He 





Test circuit: 





Adjust C from zero to Copt 
Qs = Copt + Vi 


Pulse generator: 


Pulse duration tp = 10 us 


Duty cycle 6 = 0,02 
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Silicon planar epitaxial transistors 





Switching times (see also Figs 4, 11 and 12) BSX59 | BSX60 | BSX61 
Turn-on time when switched from typ né 
Turn-off time when switched from 
ICon = 900 mA; Ipon = 50 mA to cut-off with typ = 
=| Boff = 50 mA* loff < ns 





+50V +30V 






1002) | 60a Vee 


il 





BSX59 | 
BSX61 





Ves _3V 7 7284108 


Fig. 4 Switching circuit. 


Pulse generator: 


Pulse duration tp = 500ns 
Rise time t = 5B ns 
Fall time t; <= Bons 
Output resistance Ro = 50 (during pulse, otherwise infinite) 


* —Ipof¢ is the reverse current that can flow during switching off. The indicated —Ipofft 8 determined 
and limited by the applied cut-off voltage and the series resistance. 
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ee esx 


10 Vee (V) Vee (Vv) 107 


I Region of permissible operation during switching off with ~Vop = 4V; Rap = 39 2 
Il Permissible extension for repetitive pulsed operation. 

t1 limits operations with tp = 0.1 ys; 6 = 0,25 

t2 limits operations withtp = Ilys; 6 = 0.25 
Ill Operation in this area is not allowed. 
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Fig. 11 —Vpeo¢¢ = 2 Vi ICon = 500 mA; Fig. 12 ICon = 500 MA; IBon = —l Bote = 50 mA; 


IBon = 50 mA; typ. values. (See also Fig. 4.) typical values. (See also Fig. 4.) 
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BSX59 to 61 
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SILICON PLANAR EPITAXIAL TRANSISTOR 


BSY95A 


N-P-N transistor in a TO-18 metal envelope intended for general purpose low level switching appli- 


cations. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 


Total power dissipation up to Tamph = 25 OC 


D.C. current gain 
Ic = 10 mA; Vee = 0,35 V 


Transition frequency at f = 100 MHz 
Ic = 10 mA; Vee = 9,0 V 


Storage time 


_————— 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 





Accessories: 56246 (distance disc). 





20 V 


VcBo max. 

VCEO max. 15 V 
lcm max. 200 mA 
Prot max. 300 mW 
hee 50 to 200 

fr = 200 MHz 
ts =< 50 ns 





oe i ee 





Dimensions in mm 


Yost 
~ max 





max | 


_ 53 reer Trin ——e 
oe 12,7 min 
T269470,1 
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BSY95A 





RATINGS 
Limiting values of operation according to the absolute maximum system. 


Electrical 
Vago max. 20 V 
VoEKo max. 15 V 
VERO max. 5.0 V 
*] C(AV) max, 100 mA 
men ccc ‘ 200 mA 
P ot Ax: (Ce =25 €) 300 mW 
*Averaged over any 20ms period, 
Temperature 
Tog min. -65 "Cc 
Tate max, 175 a 
e max, (operating) Ng 
THERMAL CHARACTERISTIC 
Rene j-amb) 0.5 degC/mW 
ELECTRICAL CHARACTERISTICS (T mb =25°C unless otherwise stated) 
Min, Max. 
i ieee ne ee 
Vor (CBO) aeaane breakdown 
I ” =1.0uA 20 = Vv 
ee ack oe eae eee 
EB ee C . 
V Emitter-base breakdown 
es it voltage 
i =10nA 9.0 - V 
I CEO eee Face cut-off 
Vog712V, 1,50 - 250 nA 
V (BR)CEO ets breakdown 
I C =10mA** 15 = V 
see error 
C Pe er ar 
f= 100MHz 200 - MHz 


**Pulsed! Pulse width=300us, duty cycle <2%. 
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Silicon planar epitaxial transistor BSY9S5A 





h__ Common emitter forward 
current transfer ratio 


1,=1.0mA, V,,=0.35V 30 ” 
I, =10mA, Vp =0.35V a 
Vv Collector-emitter 
CE(sat) saturation voltage 
I, =10mA, 1,=0.2mA * aes 7 


Vv Base-emitter saturation 
BE(eat) voltage 


= =0. 67 0.87 V 
In 10mA, ” 0,2mA 0 


Cc Collector-base capacitance 


Von 79:0V) 1, =0 


£=1.0MHz = 6,0, _.... BE 


t Storage time 
I c =10mA - al) ns 


See test circuit on next page 
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BSY95A 





STORAGE TIME TEST CIRCUIT 









Vout 
(Bera “oO 
kif 
Vin O-IpF 
Cc 
56M 
| 
O acai | + BV may iO*/. Pulse 
waveform 
a 0 -—-—=—-4+- at point A 





-|\Q----+----- 


Vin Rise time less 
than Ins 

tp =300 ns 

Duty cycle<2*, 


Input ond output woveforms 
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PH2222: R 
PH2222A:; R 





SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 variant envelopes, primarily intended for switching and linear 
applications. 


wieanstial REFERENCE DATA 


ee SS ere ee 


Ce eee 


ee eee R | PH2222A; R 











Collector-base voltage (open emitter) VCBO max. errs 75 V 
Collector-emitter voltage (open base} VCEQO max. 30 40 V 
Collector current (d.c.) Ic max. 800 800 mA 
Total power dissipation up to Tamph = 25 °C Prot max. 625 625 mW 
Junction temperature Tj max. 150 150 oC 
D.C. current gain at Tj = 25 OC 
Ic = 10 mA; Vee = 10 V hee > 75 75 
Transition frequency at f= 100 MHz 
Ic = 20 mA; Veg = 20 V fr > 250 300 MHz 
es time 
MECHANICAL DATA of PH2222 and PH2222A Dimensions in mm 
Fig. 1 TO-92 variant. 
3 
4 0,40 
2 4 min 





—-FETONI4.2 









diameter within 2, smax — 
is uncontrolled 


The PH2222R and PH2222AR are available on request; they have cbe pinning instead of ebc. 
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574 


PH2222: R 
PH2222A; R 






RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Collector current (d.c.) 


Total power dissipation 
up to Tamb =275°C 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 
7) = 25 OC unless otherwise specified 


Collector cut-off current 
le =0; Veg =50V 
le = 0; Veg = 50 V; Tamp = 150 OC 
le =0; Veep =60V 
le =(); Vice = 60 V; Tamb = 150°C 
Emitter cut-off current 
Ic =O; VepaaVv 


Currents at reverse biased emitter junction 


Vce = 60V;-Vep=3V 
Breakdown voltages 

le =O; le = 10 pA 

Ip =O; le =10mA 

lc = 0; Ie = 10 pA 
Saturation voltages * 

Ic = 150 mA; Ip = 15 mA 


Ic = 500 mA; Ip = 50 mA 


* Measured under pulse conditions: ty = 300 ps; 6 = 0,02. 
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VCBO 
VCEO 
VEBO 


ICBO 
ICBO 
ICBO 
ICBO 


lEBO 


ICEX 
—IBEX 


ViBR)CBO 
V(BR)CEO 
ViBR)EBO 
VCEsat 
VBEsat 


VCEsat 
VBEsat 


Minax. 


NAA 


AA AM OA 


PH2222; R | PH2222A; R 


60 75 
30 40 
5 6 

800 

625 

—65 to + 150 

150 

200 

PH2222:R 

10 = 
10 Z) 
= 10 
= | 10 
10 10 
- 10 
a 20 
60 75 
30 40 
5 6 
0,4 0,3 
a 0,6 
13 1,2 
1,6 1,0 
2,6 2,0 


| PH2222A; R 


K/W 


| <<. < 






PH2222: R 
PH2222A; R 


Silicon planar epitaxial transistors 





PH2222; R | PH2222A; R 





D.C. current gain 





lc = 0,1 mA; Vee = 10 V hee > 35 35 
lc= mA; Vee =10V hee > 50 50 
lc= 10mA; Vee =10V hee > 75 75 
lc = 10mA; Veg = 10 V; Tamp = —55 PC hee > - 35 
lo = 150 mA; Vee = 1V* hee > 50 | 50 
lc = 150 mA; Vcge = 10 V* hee 2 ar hee 
lc = 500 mA; Vcge = 10 V* hee > 30 40 
Transition frequency at f = 100 MHz 
Ic = 20 mA; Vege = 20V tT > 250 300 MHz 
Collector capacitance at f = 100 kHz 
le =1,=0; Veg = 10V Ce <. 8 8 pF 
Emitter capacitance at f = 100 kHz 
lo = 1, = 0; Veg =0,5 V CS = ™ 25 pF 
Feedback time constant at f = 31,8 MHz ' 
ic = 20 mA; Vcg = 20 V ech c= =} 160 ps 
h-parameters (common emitter) | 
ic = ideas At: =10V;f=1kHz 7 > ~ | 9 Ka 
nput impedance ie = he | g KQ 
Reverse voltage transfer ratio re < — | 8 10° 
Small-signal t gai h a a st 
mall-signal current gain fe < _ 300 
= — 5 pAlV 
Output admittance hoe < 7 35 wAIV 
Input impedance his < x 1.25 KQ 
Reverse voltage transfer ratio Hre < _ 4 10° 
; > - 75 
Small-signal current gain hfe < = 375 
Output admittance Noe “ i | Ps oy 
Ic = 20 mA; Vcr = 20 V; f = 100 MHz 
Small-signal current gain hfe a 2,5 3,0 
lc = 20 mA; Vee = 20 V; f = 300 MHz | 
Real part of input impedance Relhje) << 60 | 60 Q 
Noise figure at f= 1 kHz 
lc = 0,1 mA; Vee = 10 V 
Rg =1k2;B=1Hz - < 4 dB 


* Measured under pulse conditions: ty = 300 us; 6 = 0,02. 
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PH2222; R 
PH2222A; R 





Switching times (between 10% and 90% levels) for PH2222A; R 
Turn-on time when switched to Icon = 150 mA (see Fig. 2) 


delay time td <= 10 ns 

rise time ty < 25 ns 
Turn-off time when switched from I¢gp, = 150 mA (see Fig. 3) 

storage time ts 07 225 ns 

fall time t; < 60 ns 






P2B2487 





7282485 


Fig. 2 Input waveform and test circuit for determining delay time and rise time. 


Vj=—0,5 V to+ 9,9 V; Vee =+ 30 V; R1 = 6192; R2 = 2000. 


Pulse generator: Oscilloscope: 

pulse duration ty = 200 ns input impedance Zi >= 100 kQ 

rise time ty = 2 ns input Capacitance Ci < 12 pF 

duty factor b = 0,02 rise time i, <= 5 ns 
V; Vec 


time 


asci!llascope 





—e| te |--—— 10005 ——el 






?ZB8673 





?285736 


aa 


VeB 


Fig. 3 Input waveform and test circuit for determining storage time and fall time. 


Vcc = + 30 V; Veg = —3 V; R1 = 1kQ; R2 = 200 2; R3 = 20k; R4 = 509; D1 = 1N916. 


Pulse generator: Oscilloscope: 

fall time ty < 5 ns input impedance Zj = 100 kQ 
input capacitance Cj = 12 pF 
rise time tr < 5 ns 
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SILICON PLANAR EPITAXIAL SWITCHING TRANSISTOR 


N-P-N transistor in a plastic TO-92 variant envelope intended for high-speed switching applications. 


QUICK REFERENCE DATA 


Coilector-base voltage (open emitter) Vcpo max. 40V 





SS ee ee ee er ee -_--— 





a 








Collector-emitter voltage (Ve = 0} Vces max. 40 V 
Collector-emitter voltage (open base} VcEQO max. 15 V 
Collector current (peak value) lcm max. 500 mA 
Total power dissipation up to Tarp = 25 OC Prot max. 500 mW 
D.C. current gain 

Ic= 10mA;Vee=1V hee > 40 

Ic = 100 mA; Veg =2 V . hee > 20 
Transition frequency at f = 100 MHz 

lc = 10 mA; Veg = 10 V fT = 500 MHz 
Storage time 

ICon = !Bon = —!Botf = 10 mA te < 13 ns 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-92 variant. 


FZI0994,2 -_ 








diameter within 2,5 max 
is uncontrolled — 
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PH2369 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (/EC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (Vpe = 0) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (peak value; ty = 10 us) 
Total power dissipation up to Tamph = 25 OC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 


Collector cut-off current 

lp =0; Veg =20V 

le = 0; Vcp = 20 Vij = 125 °C 
Emitter cut-off current 

Ic = 0; Veg =2V 
Saturation voltages 

Ic = 10 mA; lp =0,3 mA 


Ic = 10 mA; Ip = 1 mA 


Ic = 100 mA; Ip = 10 mA 


D.C. current gain 
Ic = 10mA; Vee =1V 
lc = 10mA; Vee = 1 V; Tamb = —55 OC 
lc = 100 mA; Vee =2 V 
Transition frequency at f = 100 MHz 
lc = 10 mA; Vege = 10 V 
Collector capacitance at f= 1 MHz 
le =lo=0; Veg 7=5V 
Emitter capacitance at f= 1 MHz 
lew lo= 0; Veg tiv 


Switching times 
Storage time (see Fig. 2) 
ICon = !Bon = —!Boff = 10 mA 


October 1984 


VcBO 
VCES 
VCEO 
VEBO 
ICM 
Prot 
T stg 


Tj 


Rth j-a 


max 40 
max 40 
max. 15 
max. 45 
max. 500 
max. 500 
—65 to + 150 
max. 150 
= 250 
< 400 
< 30 
< 100 
< 0,30 
< 0,25 
0,70 to 0,85 
< 0,60 
< 1,50 
40 to 120 

> 20 
> 20 
> 500 
< 4 
< 4,5 
typ. 6 
< 13 


nA 
LA 


<< << < 


MHz 





Silicon planar epitaxial switching transistor PH2369 





Pulse generator: Oscilloscope: 

tf = Ins R; = 5022 

tp > 300ns tp < Ins 

6 < 0,02 +10V 


50 £2 





“ 


+#11V 7Z77953 





TZ77952 
Fig. 2 Test circuit and waveforms. 
Turn-on time (see Fig. 3) 
from —VBeEof¢ = 1,5 V to leon = 10 MA; IBon = 3 MA ton << 12 ns 
from —VBEoff = 2,25 V to Icon = 100 mA; IBon = 40 mA ton < 7 ns 
Turn-off time (see Fig. 3) 
ICon = 100 mA; IBon = 40 MA; —IBog¢ = 20 mA toff < 21 ns 
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PH2369 





Pulse generator: 


t <= 1 ns 
t, => WO0ns 
§ < 0,02 

R, = 5022 
Oscilloscope: 

Rj = 5022 
t <= 1 ns 





7277964 





Fig. 3 Test circuit and waveforms. 


turn-off time 
Ves! Vj 






turn-on time 
VeB VBE 
V 
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Silicon planar epitaxial switching transistor PH2369 





7Z88008 
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Fig. 4 Voge = 1 V; Tj = 25 OC. 
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PH2369 





7288009 
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Fig.6 Veg = 10 V; Tamb = 25 OC; typical values. 
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Fig. 7 Veg = 10 V; Tamb = 25 OC; typical values. 





582 August 1982 





Silicon planar epitaxial switching transistor PH2369 
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Fig. 8 Vop = 10 V; Tamb = 25 OC; typical values. 
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Fig. 9 Veg = 10 V; Tamb = 25 OC; typical values. 
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Fig. 10 Veg = 10 V; Tamb = 25 °C; typical values. 
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Fig. 11 Vep = 10 V; Tamb = 25 °C; typical values. 
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silicon planar epitaxial switching transistor | PH2369 



















2 7Z88014 
8 A OO 
ae eRea ae EEC EEE EEE 


= = 
<i el 


Joe 
(mA/V) 






200 400 600 f (MHz) 800 
Fig. 12 Vep = 10 V; Tamp = 25 OC; typical values. 
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Fig. 13 Vopg = 10 V; —Ie = 2 to 10 MA; Tampb = 25 OC. 
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PH2907; R 
PH2907A; R 


SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P medium power transistors in plastic TO-92 variant envelopes, primarily designed for high-speed 
switching and driver applications for industrial service. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —Vcpo max. 60 V 


; PH2907; R —VceEQ max. 40 V 
Collector-emitter voltage (open base) PH2907A;R —VcEQ max. 60 V 
Collector current (d.c.) —Ic max. 600 mA 
Total power dissipation up to Tamp = 25 °C Prot max. 625 mW 
Junction temperature Tj max. 150 °C 
D.C. current gain at Tj = 25 OC 

—Ic = 150 mA; —Vcge = 10V hee 100 to 300 
Transition frequency at f= 100 MHz 

—I¢ = 50 mA; —Vc_e = 20 V; Tj = 25 OC fr = 200 MHz 
Storage time 

—ICon = 150 mA; —IBon = IBoff = 15 MA te < 80 ns 
MECHANICAL DATA of PH2907 and PH2907A Dimensions in mm 


Fig. 1 TO-92 variant. 








y 0,40 
2 |min 
1 
ie 5,2max ome 12,7 min. ————> 

4 0,49 

4 max 
0,67 
max 

x : 
TLIO TS _— 





diameter within 2,5 max | 
is uncontrolled — 


The PH2907R and PH2907AR are available on request; they have cbe pinning instead of ebc. 
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PH2907; R 
PH2907A; R 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) —VcBo 
Collector-emitter voltage (open base) PH2907;R —VcEQ 
PH2907A;R —VcEO 
Emitter-base voltage (open collector) —VEBO 
Collector current (d.c.) —Ic 
Total power dissipation up to Tamp = 25 OC Prot 
Storage temperature T stg 
Junction temperature Tj 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a 
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max. 60 
max. 40 
max. 60 
max. 5 
max. 600 
max. 625 
—65 to + 150 
max. 150 

200 





K/W 









PH2907; R 
PH2907A; R 


Silicon planar epitaxial transistors 





CHARACTERISTICS 


Tamb = 25 °C unless otherwise specified 2N2907:R | 2N2907A:R 





Collector cut-off current 





le = 0;—Vep = 50V —lceBo <= 20 10 nA 
le = 0; —Vep = 50 V; Tampb = 150 9C —lcBO < 20 10 pA 
+Vee =0,5V;-Vop = 30V —Irex < 50 50 nA 
Base current | 
+Vpe = 0,5 V;—-Vee =30V IBEX <= 50 | 50 nA 
Collector-base breakdown voltage 
open emitter; —Ic = 10 uA —V(BR)CBO > 60 | 60 V 
Collector-emitter breakdown voltage* 
open base; —lc = 10 mA —-ViBR)CEO = 40 | 60 V 
Emitter-base breakdown voltage | 
open collector; —Ip = 10 pA —ViIBR)JEBO > 5 5 V 
Saturation voltages* 
—V < 0,4 0,4 V 
~Ic¢ = 150 mA; —Ig = 15 mA Ys aa Z 13 13 sf 
—Vecer < 1,6 1,6 V 
—Ic¢ = 500 mA; —Ip = 50 mA ieee 2 26 26 i 
D.C. current gain 
—I¢= 0,1 mA;—Vcg = 10 V hee > 35 75 
—Ilc= TmA;—Vee = 10V hee > 50 100 
—Ic= 10mA;—Vce = 10V hee > 75 100 
> 100 100 
—le =150 mA; —Ve_e = 10 V* hee < 300 300 
—Ic = 500 mA; —Ve_e = 10 V* hee > 30 50 
Collector capacitance at f = 100 kHz 
le =1,=0;-—Vep =10V Ce < 8 pF 
Emitter capacitance at f = 100 kHz 
lc =le-=0;-—Vega2V Ce =< 30 pF 
Transition frequency at f = 100 MHz 
—lc = 50 mA; —Vce = 20 V* fT > 200 MHz 


* Measured under pulse conditions to avoid excessive dissipation: tp = 300 us: 6 = 0,02. 
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PH2907; R 
PH2907A; R 





Turn-on time (see Fig. 2) 
when switched to —I¢op, = 150 mA; —IBon = 15 MA 






delay time td < 10 ns 
rise time tr < 40 ns 
turn-on time ton < 45 ns 
—30V 
Vo 
0 Vj 
—16V¥ —_W— 71282344 
= th = 
Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 
Turn-off time (see Fig. 3) 

when switched from —I¢gp = 150 MA; —lpon = 15 MA 
to cut-off with + Ipore = 15 MA 
storage time ts < 80 ns 
fall time tr < 30 ns 
turn-off time tofp <= 100 ns 


?Z282345 





a 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 
frequency f = 150 Hz rise time tr a 5 ns 
pulse duration ty = 200 ns input impedance Zj < 10 MQ 
rise time ty = 2 ns 

= 50 9 


output impedance Zo 
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DEVELOPMENT SAMPLE DATA 


This information is derived from development samples | PH5415 
made available for evaluation, It does not necessarily 
imply that the device will go into reqular production. PH5416 





SILICON P-N-P HIGH-VOLTAGE TRANSISTORS 


P-N-P high-voltage small-signal transistors, primarily intended for use in telephony applications and 
encapsulated in a TO-92 variant envelope. 


QUICK REFERENCE DATA 
SSR Se he Se CEO es ae ee ee ee ee ee 






PH5415 |PH5416 


Collector-base voltage (open emitter) —VCBO max. 
Collector-emitter voltage (open base) —VcEQ max, 200 | 300 V 
Collector current —Ic¢ max, 1 1A 
Total power dissipation up to Tapp = 25 OC Prot max. 500 500 mW 
Junction temperature Tj max, 150 150 °C 
Collector-emitter saturation voltage 

—Ic = 50 mA; —-Ip =5 mA VCEsat < 2,5 2,0 V 
D.C. current gain 

-I¢ = 50 mA; -Vece = 10 V hFE > 30 30 





MECHANICAL DATA Dimension in mm 


Fig. 1 TO-92 variant. 


ono 
min 






FZ70994..2 





diameter within 2,5 max 
is uncontrolled 
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PH5415 
PH5416 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current 

Base current 


Total power dissipation 
UP tO Tamb = 25 OC 
Junction temperature 


CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 


Collector cut-off current 
le =0; —Vcp = 175 V 
le = 0;-—Vep = 280 V 
Saturation voltages 
—Ic =50 mA; 1p =5 mA 


D.C, current gain 
-lc = 50 mA; -Vce=10V 


Transition frequency 


October 1984 


—-VcBO 
—-VCEO 


—IcBo 


—VCEsat 
~VBEsat 


NFE 


fT 


PH5415 |PH5416 





max, 200 350 V 
max. 200 300 V 
max. 1 A 
max 500 mA 
max 500 mW 
max 150 oC 

PH5415 |PH5416 

50 uA 

= 50 pA 
< 2,5 | 2,0 V 
< 1,5 15V 
> 30 30 
< 150 120 
> 15 15 MHz 


2N929 
2N930 


N-P-N SILICON PLANAR TRANSISTORS 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case. 


These devices are primarily intended for use in high performance, low-level, low-noise amplifier appli- 
cations both for direct current and for frequencies of up to 100 MHz. 


QUICK REFERENCE DATA 





Collector-base voltage (open emitter) VeBO max 
Collector-emitter voltage (open base) VCEQ max 
Collector current (peak value) lcm max 
Total power dissipation up to Tamb = 25 OC Prot max 
Junction temperature Tj max 
in = o 

BG: coprent gain at Tj 25°C > 40 100 

lc = 10 nA; Veep =bV = a 120 300 

\ has on > 100 | 150 

Ic = 10 mA; Veg =5V Hee = 350 600 


Transition frequency 
Ic = 0,5 mA; Vce =5V fy typ 80 80 MHz 


Noise figure at Re = 10 kf2 
Ic = 10 uA; Veep =5V 





a ” typ 2,5 2 dB 
f = 10 Hz to 15 kHz F e 4 3 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 


Collector connected to case 





| 
+53 -el<— 12,7 min kell 
72694201 





Accessories: 56246 (distance disc). 





November 1979 593 





2N929 
2N930 





RATINGS Limiting values in accordance with the Absolute Maximum System 


Voltages 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector-emitter voltage at Vp = 0 


Emitter -base voltage (open collector) 


Currents 


Collector current (d.c. or average over 
any 50 ms period) 


Collector current (peak value) 


Emitter current (d.c. or average over 
any 50 ms period) 


Emitter current (peak value) 
Power dissipation 


Total power dissipation up to Tamb = 25 °C 


Temperatures 


storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 


From junction to case 





VoBo 
VCEO 


VCES 
VEBO 


-IRM 


Prot 


T'stg 


(IEC 134) 

max. 45 V 
max. 45 V 
max. 45 V 
max. 5 Vv 
max. 30 mA 
max. 60 mA 
max. 35 mA 
max. 70 mA 
max. 300 mW 
-65 to+175 °C 
max. 175 %C 

0.5 %/mW 
= 0.25 %/mW 


2N929 





2N930 

CHARACTERISTICS qT; = 25 °C unless otherwise specified 
Collector cut-off current 

Ip = 0; Vow = 45 V ICBO <= 10 nA 

In = 0; Vor = 3 ¥ ICEO = 2 nA 

Veep = 0; Vop = 49 V Ickes <= 10 nA 
Emitter cut-off current 

Ic = 0; Vepz5oV [FBO =< 10 nA 
Emitter-base voltage 

-Ip = 0.5 mA; Vop=5V -VEB 0.6t00.8 V 

Saturation voltages 

Ic = 10 mA; Ip =0.5mA VcEsat = 1 ¥ 


VBE sat 0.6 to | V 





D.C. current gain 2N929 2N930 
Ic = LOMA; Vog =5V her 40 to 120 | 100 to 300 
Ic = 1OWA; VcE FSV; T)=-55°C hp > 10 > 20 
Ic = S00 WA; VoR =zaSV hee > 60 > 150 
Ic = 10 mA; Voce z5V hep 100 to 350 | 150 to 600 


Collector capacitance at f = 1 MHz 
In =l.=0; Vopz5V Ce 0) <= 8 pF 


Transition frequency 


Ic = 0.5 mA; Vop = 5 V f+ > 0 > 350 MHz 
Cut-off frequency 
Ic =0.5mA; VoR=zOV fife > 200 > 100 kHz 
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2N929 














2N930 
CHARACTERISTICS (continued) Tye 25 °C unless otherwise specified 
Noise figure (f = 10 Hz to 15 kHz) 2N929"" | 2N930 
= | AT a ae ee et . typ. 2.5 
Io = 1O MA; VcR = 5 VY; Rg = 10 k2 F = 4 
h parameters at f = 1 kHz 
Ie = 1 mA; VCE =o V 
Input impedance Hie typ. 9.07 10.0 k& 
Reverse voltage transfer hre typ. 2.5 5.5 1074 
ae Aas typ. 200 350 
all : a 
Small signal current gain Nee 60 to 350 150 to 600 
Output admittance ho. ‘typ... 1a 25 wal 
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2N1613 


SILICON PLANAR TRANSISTOR Ra 


N-P-N double diffused transistor ina TO-39 metal envelope designed for a wide variety of applications 
including d.c. amplifiers, high-speed switching and high-speed amplifiers. 


QUICK REFERENCE DATA 








Collector-base voltage (open emitter) VCBO max. 75 V 
Collector-emitter voltage (Rag <= 10 22) VcER max. 50 V 
Collector current (peak value) lem max. 500 mA 
Total power dissipation up to Tamp = 25 9C Prot max, 0,8 W 
D.C. current gain at Tj = 25 oC 

Ic = 150 MA; Vcge = 10 V hee 40 to 120 
Transition frequency at f = 20 MHz 

Ic = 50 mA; Vege = 10 V a > 60 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


Yost 
t ~ ymax 
as 
max eee 





Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


= Products approved to CECC 50 002-104, available on request. 
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2N1613 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) VCBO —smax. 75 V 
Collector-emitter voltage (Rage = 10 $2) VCER max. 50 V 
Emitter-base voltage (open collector) VEBO simmax. 7M 
Collector current (peak value)* ICM max. 500 mA 
Total power dissipation 
up tO Tamb = 25°C Prot max. 0,6 W 
at Trace = 100°C Prot max. 1,7 W 
up to Tees, = 25 °C Ptot max. 3,0 W 
Storage temperature Tstg —65 to + 200 °C 
Junction temperature Tj max. 200 °C 


Lead soldering temperature 
> 1,5 mm from the seating plane; tsjq < 10s. Tsld 


THERMAL RESISTANCE 


From junction to case Rth j- 


max. 300 °C 


ts 58,3 K/W 


* With the exception of the collector current all other data are Jedec registered. 


a paatsl 
ees 
fendered ste a 
| EEE EEE PEEPS 
Fk lS 6 


aoeee aN 





7282358 


ENE 
el | | | | | 


0 50 100 150 T(°c) 200 


Fig. 2 Maximum permissible total power dissipation as a function of temperature. 
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Silicon planar transistor 2N1613 





CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 


Collector cut-off current 


le = 0; Veg =60V ICBO < 10 nA 

le = 0; Vicg = 60 V; Tampb = 150 °C IcBo < 10 yA 
Emitter cut-off current 

lc =O;Vegqaov lEBO < 10 nA 
Collector-base breakdown voltage 

open emitter; Ic = 100 pA ViBRICBO > 75 V 
Collector-emitter breakdown voltage* 

lc = 100 mA; Rep = 1002 ViBRICER => 50 V 
Emitter-base breakdown voltage 

open collector; |_ = 100 pA ViBRJEBO => a 
Saturation voltages* 

7 In -—4F VCEsat < 1,5 ¥V 

Ic = 150 mA; Ip = 15 mA hai e 13 V 
D.C. current gain 

Ic = 0,1 mA; Veg = 10 V hee > 20 

Ic = 10mA; Veg = 10 V* hee > 35 

Ic = 10 mA; Voce = 10 V; Tamb = —55 OC hee > 20 

lc = 150 mA; Vege = 10 V* hee 40 to 120 

Ic = 500 mA; Veg = 10 V* hee > 20 
Transition frequency at f = 20 MHz 

Ic = 50 mA; Vcg = 10 V fr > 60 MHz 
Collector capacitance 

le=|l2=0; Vep=10V Ce < 25 pF 
Emitter capacitance 

lc =1-=90; Veg = 0,5 V Ca < 80 pF 
Noise figure at f = 1 kHz 

Ic = 0,3 mA; Vee = 10 V; Rg = 510 82; B= 1 Hz F < 12 dB 
h-parameters at f= 1 kHz 
Input impedance 

lc=ImA;VeR= 5V ib 24 to 34 

Ic=5 mA; Vcep=10V hib 4to 8 % 
Reverse voltage transfer ratio 

lc=1mA;Vce= 5V Hrb < 3 10° 

Ic =5 mA; Vee=10V heb < 3 10° 
Small-signal current gain 

lc=1mA;Vce= 5V hfe 30 to 100 

lc =5mA; Vee=10V hfe 35 to 150 


* Measured under pulse conditions to avoid excessive dissipation: tp = 300 ys; 6 = 0,02. 





July 1979 599 


2N1613 





Output admittance 


lc=1mMA;Vcp= 5V hob 0,05 to 0,5 pA/V 
lc =5 mA; Vce = 10 V hob 0,05 to 0,5 pA/V 
Total switching time (see Figs 3 to 6) 
lCon = 50 mA; VBEon a —VBp Eoft 1V Ton + toff <= 30 ns 
—50V +20V 






sampling 
oscilloscope 





10nF 
Vi 
ceramic 
disc —50V 
100 22 
72782354 


Fig. 3 Turn-on plus turn-off measuring circuit. D = BAW62. 





| Tons _ +20V 
ey 
0 . 
+18 V ——— 
—1V 7Z82356 
7282355 Fig. 5 Waveform at “B”’. 


Fig. 4 Waveform at “A”. 
Pulse generator: t,; tp < 1 ns. 









t - 10% 


output 90% 





Fig. 6 Turn-on and turn-off time. +18 V 


loff | 7282357 
an SS ol 
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Silicon planar transistor 2N1613 





7202359 


oo PEE eet Ee 
COCO ee Cee PP 
SS800S 6000 So A 
BB a 
52a aueGeGuE>==>eamnne yaa ssh sla ta LSD oh ab 
CO ea shah aah 





Fig. 7 Tj = 75 °C: typical values. 


?Z82360 7282361 


107 Ee 
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PEt 
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a 
‘at naraivil 


TI ZV F-s0°c! 
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Zo il 
a 


10 102 103 = . 
Io (mA) 0 50 100 _ 





Fig. 8 Ic/lp = 10; typical values. Fig.9 Vep = 60 V. 
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2N1613 





600 we anne eae 
| 
| Coot FECEELEE 
lc ini a 
(mA} i 
nia el i es 
i 
i A ed ie Dd ict DM | i te 
reat sy oe i ed Bd 
200 
i 
Soong cre reateiat 
a ea ay ap a 
TT aa 
0. 
Fig. 10 VcgE = 10 V; Tj = 25 OC. Fig. 11 Vege = 10 V; Tj = 25 OC. 


aaa 
es ld ee ined 





0 
0 oT 1 


Vee (v) 
Fig. 12 Voge = 10 V; Tj = 25 °C. 
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Silicon planar transistor | 2N1613 





7282365 
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Fig. 14 Vee = 10 V; typical values. 
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2N1613 





(7282367 





Fig. 15 Voge = 10 V; f = 20 MHz; Tj = 25 OC. 
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2N1711 





SILICON PLANAR TRANSISTOR 


N-P-N double diffused transistor in a TO-39 metal envelope designed for a wide variety of applications 
such as d.c. and wideband amplifiers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO max. 75 V 


Collector-emitter voltage (Rage = 10 2) VCER max. 50 V 
Collector current (peak value) lem max. 10A 
Total power dissipation up to Tamp = 25 °C Prot max. 0,8 W 
D.C. current gain 

Ic = 150 mA; Vee = 10 V hee 100 to 300 
Transition frequency at f = 20 MHz 

Ic = 50 mA; Vcge = 10 V fr > 70 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


= 0,51 
max 
85 SS 








Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


j= Products approved to CECC 50 002-104, available on request. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) VcCBO max. 75 V 
Collector-emitter voltage (Ree = 10 22) VCER max. 50 V 
Emitter-base voltage (open collector) VEBO = max. 7,0 V 
Collector current (peak value) ICM max. 1,0 A 
Total power dissipation 

UP tO Tamb= 25 °C Prot max. 0.8 W 

up to Tease = 100 OC Prot max. 1,7 W 

UP tO Tease = 25°C Ptot max. 3,0 W 
Storage temperature Tstg —65 to + 200 °C 
Junction temperature Tj max. 200 °C 
Lead soldering temperature 

> 1,5 mm from the seating plane; tgjq < 10s Tsid max. 300 °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 219 K/W 
From junction to case Rthj-ec = 58,3 K/W 


November 1979 





Silicon planar transistor ON1711 





CHARACTERISTICS 
Tamb = 25 &C unless otherwise specified 


Collector cut-off current 


le =0;Vcp =60V IcBO <= 10 nA 

le = 0; Vog = 60 V; Tamb = 150 OC IcBo < 10 pA 
Emitter cut-off current 

Ic =0; Veg =5,0V lEBO < 5 nA 
Collector-base breakdown voltage 

open emitter; Ic = 100 vA ViBR)CBO > 75 V 
Emitter-base breakdown voltage 

open collector; [— = 100 vA ViBRIEBO = 7,0 V 
Collector-emitter sustaining voltage * 

Ic = 100 mA; Rep = 102 VCERsust > 50 V 
Saturation voltages * 

os TA Wc teas TR VCEsat < 1,5 V 

lc = 150 mA; Ip = 15 mA Vecet a 13 V 
D.C. current gain 

lc= 10 pA; Vee = 10V hee > 20 

Ic = 0,1 mA; Vee = 10 V hee > 35 

Ic = 10mA; Vee = 10 V * hee > 75 

lc = 10mA; Vce = 10 V; Tamp = —55 OC hee > 35 

Ic = 150 mA; Vcg = 10 V * hee 100 to 300 

Ic = 500 mA; Vee = 10 V * hee > 40 
Transition frequency at f = 20 MHz 

lc = 50 mA; Vee = 10 V fT > 70 MHz 
Collector capacitance 

le = 12=0; Veg = 10V Ce <= 25 pF 
Emitter capacitance 

Ic =le=0; Vep=0,5V Ce < 80 pF 
Noise figure at f= 1 kHz 

lc = 300 wA; Vce = 10 V; Rg = 510 2; B = 1 Hz F i 8,0 dB 
h-parameters at f = 1 kHz 
Input impedance 

lc = 1,0 mA; Veg = 5,0 V hi 24 to 34 2 

Ic = 5,0 mA; Vcp = 10V Nib 40t08,0 22 
Reverse voltage transfer ratio 

I¢ = 1,0 mA; Vep = 5,0 V Arb = 5,0 10;*/ 

Ic =5,0mA; Veg = 10 V Heb < 5,0 10°* 
Small-signal current gain 

lc = 1,0 mA; Vee = 5,0 V hte 50 to 200 

lc =5,0mA; Vce= 10V hte 70 to 300 


* Measured under pulse conditions to avoid excessive dissipation: tp = 300 us; 5 = 0,02. 
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2N17 11 





Output admittance 
le = 1,0 mA; Vee =5,0V Nob 0,05 to0.5 wA/V 
Ic =5,0mA; Vee = 10V Nob 0,05 to 0,5 pA/V 
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2N1893 





-_ 
ed 


SILICON TRANSISTOR 


High voltage n-p-n transistor ina TO-39 metal envelope with the collector connected to the case. It is 
intended for use in high performance amplifier, oscillator and switching applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBQO max. 120 V 








Collector-emitter voltage (Rae = 10 £2) VcER max. 100 V 
Collector current (d.c.) Ic max. 500 mA 
Total power dissipation up to Trace = 25 OC Prot max. 3,0 W 
Junction temperature Tj max. 200 °C 
D.C. current gain 

Ic = 0,1 mA; Vee = 10 V hee = 20 

Ic = 10mA; Veg = 10 V; T =—55 °C hee > 20 

lc= 10mA; Vee =10V hee > 35 

Ic = 150 mA; Veg = 10 V hee 40 to 120 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


ees —¥ 0,51 
t i max 
85 — 
MmMndx 

EEE 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


© Products approved to CECC 50 002-104, available on request. 
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2N1893 


RATINGS (Limiting values) !) 


Voltages 

Collector-base voltage (open emitter) VcBO max. 120 V 
Collector-emitter voltage (open base) VCEO max. 80 V 
Collector-emitter voltage (Rgap = 10 2) VCER max. 100 
Emitter-base voltage (open collector) VEBO max. 7.0 V 
Current 

Collector current (d.c.) Io max. 500 mA 


Power dissipation 


Total power dissipation up to vamb = ag & Prot max, 0.8 W 

up to T ase = 100 6 tot max. 1.7 W 

up to Tasca = 25 gd Prot max. 3.0 W 
Temperatures 
Storage temperature T ste -65to +200 °C 
Junction temperature T; inex. “200 eC 
THERMAL RESISTANCE 
From junction to ambient in free air Reh j-a 219 °C/W 
From junction to case Reh j-c = 58.3 °C/w 


ly Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134, 


610 June 1968 





CHARACTERISTICS Tamb = 25 °C unless otherwise specified 
Collector cut-off current 
lp = (0; Vop =90 V ; loRo < 10 nA 
In = 0); Vop = 90 V; 1 spot = 150 C Icpo <= 1s BA 


Emitter cut-off current 


Collector-emitter sustaining voltare ly 





c at te RBE aad VCER sust = 100 V 

Ia = 30 mA; Ip =() Voro sit > $0 V 
Saturation voltages ly 

Iq = 150 mA; Ip = 15 mA VCR sat < 5.0 V 

VBE sat <Alsc V 

Ig = S0mA;Ip= SmA VCE sat 5 1.2 V 

VBE sat 0.9 V 


Breakdown volta ges 


Io = 05 Ip = 100 vA Veer) Epo |? 7-0 -*V 
D.C, current gain 

Ic = 0.1 mA; Vog = 10 V i > 20 

Ic = 10 mA; Vog = 10 V; T = -55 °C hep > 20 

Io = 10 mA; Vop = 10 V7) hie > 35 

Io = 150 mA; Voz = 10 V 4) bpp 40 to 120 





1) Measured under pulsed conditions to avoid excessive dissipation. 
Pulse duration t = 300 us, duty cycle 6 < 0,02 
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2N1893 





CHARACTERISTICS (continued) Tamb = 29 °C unless otherwise specified 


h parameters at f = 1 kHz (common base) 
Io = ImA; Vop =5V 


Input impedance hip 20to 30 2 
Reverse voltage transfer ratio Deb Lio 1074 
Output conductance hit 0.5 uQ7l 
Ic = 5 MA; VoRp = 10 V 

Input impedance hip 4to8 
Reverse voltage transfer ratio hyp L.o0 1074 
Output conductance hob 0.5 youl 


small signal current gain (common emitter) 
Io = PMA; VoRg= 53.V3,£5 1 kHz hee 30 to 100 
Ic = SMA; Vog = 10 V; £ = 1 kHz h, > 45 
10 V; f = 20 MHz hee ee 


il 


Ip = 50 mA; VcE 


Collector capacitance 
Ip =I, = 0; Vap = 10-V Co. < 15 pF 


Emitter capacitance 


le = 2, = 0); Vep = 9.5 V Ce < 85 pF 
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SILICON PLANAR EPITAXIAL TRANSISTORS 






2N2219 
2N2219A 


N-P-N transistors ina TO-39 metal envelope with the collector connected to the case. They are primar- 
ily intended for high speed switching. The 2N2219 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 


QUICK REFERENCE DATA 


= ee 





Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 

Total power dissipation up to Tampb = 25 OC 
Junction temperature 


D.C. current gain at Tj = 25 °C 
lc = 10 mA; Veg = 10 V 
Transition frequency at f = 100 MHz 
Ic = 20 mA; Veg = 20 V 


Storage time 
Ic = 150 mA; Ip = —Ipy = 15 mA 





MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case 








2N2219 | 2N2219A 





Vcso max. 60 75 V 
VCEO max. 30 40 V 
lc max. 800 S00 mA 
Prot max. 0.8 08 WW 
iE max. 175 175 
hee > 75 75 
fT > 250 300 MHz 
Dimensions in mm 
i] v 
Aaa _———————_ | 
eee 


= ane min TES9322.1 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


©] Products approved to CECC 50 004-029, available on request. 
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2N2219 
2N2219A 





RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages 2N22919 | IN291]9A4 





Collector-base voltage (open emitter) Vcno max. 60 | 75 =¥V 
Collector-cmitter voltage (open base) VCEO max. 30 | 40l)yy 
Emitter-base voltage (open collector) V ERO max. a 6 V 
Current 

Collector current (d.c. ) lc max. S00 mA 


Power dissipation 


Total power dissipation up to Tamb = 25 @C Prot max. 0.8 W 
up to Tease = 25°C Prot Mak. 3 W 

Temperatures 

Storage temperature T stg -65 to +200 °C 

Junction temperature Tj max. 175. °C 


THERMAL RESISTANCE 





From junction to ambient in free air Rth j-a = 190 °C/W 
From junction to case Rth j-c = 50 °C/W 
CHARACTERISTICS qT; = 25 °C unless otherwise specified 
Collector cut-off current 2N2219 | 2N2219A 
Ip = 0; Vep = OV IcBo < 10 - nA 
Ip = 0; Vcp = DV; Tamb = 150 OC IcBo < 10 - BA 
Ip = 0; Veep = 00 V IcBo < _ lO nA 
in 0; VCH = 60 V; Tamb.— 150 °C IcBo = - 10 yA 
Emitter cut-off current 
Ic = 0; Vep= 3V IFBO < 10 10 nA 
Currents at reverse biased emitter junction 
: : Ickx = ~ 10 nA 
V = 60 V; -Vper =3V 
CE BE -IpEX < s. Bick 


1) Applicable up to I¢ = 500 mA 
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2N2219 





2N2219A 
CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 


Breakdown voltages 2N2219 | 2N2219A 








ip = 05 [c= 0A VRICBO 7 60) ow 
Ip = 0; Ic = 10 mA ViBRICEO > 30) 40 V 
Ie = 0: IR = ]0 wA V(BR)EBO > 5 oY 


Saturation voltages ! ) 





Ic = 150 mA; Ip = 15 mA VCEsat < 0.4 0.3 V 
a > = 0.6 V 
BEsat < | PES in? tiv 
ro “y = F ‘i f 
Ic = 500 mA; Ip = 30 mA VCEsat S ap : : 
VBEsat < 2. 6 2.0 V 
D.C, current gain 
Ic = 0.1 mA; VoR = 10 V her > STs) 30 
ic = ImA;¥cr = 10 V hep = 0) 30) 
Ic = 10 mA; Vcg = 10V hee > 75 75 
le = 10 mA; VCE = 10 V; Tamb = —-559C her > = eb 
Ic = 150 mA; Vog= 1V!1) hype > 50 50 
Io = 150 mA; Vcr = 10 V /) hee 100 to 300 |100 to 300 
Ic = 500 mA; Vcr = 10 V !) hPR > 30 40 
Transition frequency at f = 100 MHz 
In = 20 mA; VcR = 20 V i > 250 300 MHz 
| 
Collector capacitance at f = 100 kHz | 
I; = Ie = 0; Vcp.= 10 V Ce < 8 8 pF 
Emitter capacitance at f = 100 kHz 
lo = 1, OPVeg * 0.5 Gz < - | 25 pF 
Feedback time constant at f = 31.8 MHz 
Ic = 20 mA; Vcp = 20 V rp’ Ce < - | 150 ps 


“i Pulse duration < 300 us; duty cycle <= 2%. 
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2N2219 
2N2219A 





CHARACTERISTICS (continued) T) = 25°C 
h parameters (common emitter) 
Ic = 1 mA; Vcr = 10 V; f = 1 kHz 2N2219A 
Input impedance hie 2 to 8 k2 
Reverse voltage transfer ratio lies < § j0-4 
Small signal current gain hee 30 to 300 
Output admittance hoe Sto 35 won! 
Ic = 10 mA; VcR = 10 V; f = 1 kHz 
Input impedance hie 0.25:to ls 25° ki? 
Reverse voltage transfer ratio hre < 4 1074 
Small signal current gain hfe Ce oro 
Output admittance lige 25to 200 pom! 
Ic = 20 mA; Vcg = 20 V; f = 100 MHz 2N2219 | 2N2219A 
Small signal current gain hfe 
Ic = 20 mA; Vcr = 20 V; f = 300 MHz 
Real part of input impedance Re(hje) 


Noise figure at f = 1 kHz 
Ic = 0.1 mA; Vcrp = 10 V 
Rg= 1k2;B=1 Hz F 


Switching times for 2N2219A 
Turn on time when switched from 
-Vek = 0.5 V to Ic = 150 mA; Ip=15mA 
Delay time 
Rise time 





Test circuit: 





Pulse generator: Oscilloscope: 
pulse duration tp < 200 ns input resistance Rj > 100 kQ 
rige time ty = 2.06 input capacitance Cj < 12pF 


rise time ty = ns 









2N2219° 
ON2219A 


Silicon planar epitaxial! transistors 





Switching times for 2N2219A 


Turn off time 
lc = 150 mA; Ip = —Ipe = 15mMA 


Tj = 25 °C unless otherwise specified 


Storage time t, <= 225 ns 
Fall time jf = 60 ns 
Test circuit: 

V 





time 
Vo 
oscilloscope 





?2BSBTS 





P2B57396 


Voc = + 30 V; Vag = —3 V; R1 = 1k; R2 = 200 Q; R3 = 20 kQ; R4 = 50 Q; D1 = 1N916. 


Pulse generator: 
fall time t << 5 ns 


Oscilloscope: 

input impedance Rj = 100 k& 
input capacitance C; < 12 pF 
rise time t < 9 ns 
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2N2222 
2N2222A 








7 
SILICON PLANAR EPITAXIAL TRANSISTORS  — 


N-P-N transistors ina TO-18 metal envelope with the collector connected to the case. They are primar- 
ily intended for high speed switching. The 2N2222 is also suitable for d.c. and v.h.f./u.h.f. amplifiers. 


QUICK REFERENCE DATA 


2N2222 | 2N2222A 









Collector-base voltage (open emitter) VcBO  _—max. 60 75 =O 
Collector-emitter voltage (open base) VcEO max. 30 40 V 
Collector current (d.c.) lc max. 800 800 mA 
Total power dissipation up to Tampb = 25 OC Ptot max. 0,5 05 W 
Junction temperature Tj max. 200 200 °F 
D.C. current gain at Tj = 25 a 

I¢= 10 mA; Vcge = 10 V hee > 75 75 
Transition frequency at f = 100 MHz 

Ic = 20 mA; Vee = 20 V fr > 250 | 300 MHz 
Storage time 

Ic = 150 mA; lp = —Ipy = 15 mA ts < — nal fed fe 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 


Collector connected to case 





9,3 | —— 12,7 min ——> 


ma x 
TEG9e20.7 





Accessories: 56246 (distance disc). 


= Products approved to CECC 50 004-030, available on request. 
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2N2222 
2N2222A 







RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
2N2222 | 2N2222A 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Collector current (d.c.) 


Total power dissipation 
up to Tamb = 25 OC 


UP tO Tease = 25 OC 
Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 
From junction to case 


CHARACTERISTICS 
Typ= 26 OC unless otherwise specified 


Collector cut-off current 
le = 0; Veep =50V 
le = 0; Veg = 50 V; Tamp = 150°C 
le = 0; Vcp = 60 V 
le = 0; Vcp = 60 V; Tampb = 150 oC 
Emitter cut-off current 
lc=0; Veg =3V 


Currents at reverse biased emitter junction 


Vee =60V;—-Vee =3V 


" Applicable up to I¢ = 500 mA. 


October 1979 


ICBO 
ICBO 
ICBO 
ICBO 


lEBO 


ICEX 
—lBEX 








max. 60 

max. 30 

max. 5 

max. 800 

max. 0,5 

max. 1,2 
—65 to + 200 

max. 200 


- 350 
= 146 


2N2222 | 2N2222A 


Oe a 


< 10 
< 10 
< = 
< — 

10 
< - 
< ee 





75 
40* 
6 








nA 
uA 
nA 
uA 


nA 


nA 
nA 





2N2222, 
2N2222A 











CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 
| 2N2222 | 2N2222A 
Breakdown voltages era a 
Ip =O; Ie = 10 UA V(BR)CBO > 60) | 7a V 
ip = 0; Ic = 10 mA V(BR)CEO > 30 40 V 
Ic = 0; Ip = 10 uA V(BR)EBO > J 6 V 
Saturation voltages L) 
Ic = 150 mA; Ip = 15 mA VcCEsat < 0,4 ep! <y 
Vine > _ 0,6 ¥V 
BEsat <leyiag m2 oy 
: a VcEsat < 1.6 1.0 V 
Io = 900 mA; Ip = 50 mA pe ‘ 16 20 V 
D.C, current gain 
Ic = 0.1 mA; Voz = 10 V hpE > 35 35 
Ic = 1mA;VcR=10V her > 50 50 
Ic = 10 mA; Veg = 10 V hFE > 75 75 
iC = 10 mA: Vcr = 10 V3 Tamb = -29 °C her > - 35 
Ic = 150 MA; Ver = LV!) hEE > 50 50 
Ic = 150 mA; Vcr = 10 V I) herr LOO to S00 | LOO to 300 
Ic = 500 mA; Ver = 10 V I) hFR > 30 40 
Transition frequency at f = 100 MHz | 
Ic = 20 mA; Veg = 20 V rp > 250| 300 MHz 
Collector capacitance at f = 100 kHz 
Ip = Ie = 0; Vop = LOV Gs < 8 | 8 pF 
| 
Emitter capacitance at f = 100 kHz 
Io = Ip = 03 Veg = 0.5 V toe < = 20 pF 
Feedback time constant at f = 31,8 MHz 
In = 20 mA; VcRp = 20 V rp’ Ce. < = 150 ps 


ly) Pulse duration < 300 ws; duty cycle < 2%. 
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2N2222 
2N2222A 


CHARACTERISTICS (continued) 
h parameters (common emitter) 
Ic = | mA; VCE =10V:f= i kHz 
Input impedance 
Reverse voltage transfer ratio 
Small signal current 
Output admittance 
Ic = 10 mA; Vcr = 10 V; f = 1 kHz 
Input impedance 
Reverse voltage transfer ratio 
Small signal current gain 
Output admittance 
Io = 20 mA; Vcr = 20 V; f = 100 MHz 
Small signal current gain 
Ic = 20 mA; Vcr = 20 V; f = 300 MHz 
Real part of input impedance 
Noise figure at f = 1 kHz 
Ic = 0.1 mA; Yor = 10¥V 
Rg = 1 kQ; B= 1 Hz 
switching times for 2N2222A 


Turn on time when switched from 





qT; = 25 °C unless otherwise specified 





-Vpp = 0.5 V to Ic = 150 mA; Ip = 15 mA 


Delay time 
Rise time 


Test circuit: 


QN22294 
hie 2t0 § kO 
hre < B10"? 
hfe 50to 300 
hoe 5to 35 wor! 
hie 0.25 to 1.25 (ke 
hre < 4 1074 
Nes 75to 375 
hoe 25to 200 porl 
9N2222 | 2N2227A 
hfe > 3.5 3.0 
Re(hje) <= 60 | 60 2 
[ < = 4 dB 
tq < lO ons 
C. < 25 ns 








Pulse generator: Oscilloscope: 
pulse duration tp S 200 ns input resistance Rj > 100k 
rise time tr = 2ns input capacitance C,; < 12 pF 
rise time t. < ons 
622 July 1969 









2N2222 


Silicon planar epitaxial transistors 


Switching times for 2N22224 Tj = 25 °C unless otherwise specified 
Turn off time 

Ic = 150 mA; tp = —Igy = 15 mA 
Storage time t < 225 ne 


Fall time tt < 60 ns 
Test circuit: 


Vo 
oscilloscope 





—13,8V 


—e! ty |-<—— 100 us ——» 


7288673 





7285736 


Vcc = +30 V; Vag = —3 V; R1 = 1k; R2 = 200 2; R3 = 20 kQ; R4 = 50 0; D1 = 1N916. 


Pulse generator: Oscilloscope: 

fall time te < 5ns inputimpedance R; => 100 kf2 
input capacitance Cj; < 12 pF 
rise time t < 5 ns 
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2N2297 





SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor intended for large signal h.f. and v.h.f. amplifier applications. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO max. 80 V 
Collector-emitter voltage (open base) VcEO max. 35 V 
Collector current (d.c.) Ic max. 1,0 A 
Total power dissipation up to Tamp = 25 OC Prot max. 0,8 W 
Junction temperature Tj max. 200 °C 
D.C. current gain 

lc = 150 mA; Vege = 10 V hee 40 to 120 
Transition frequency at f = 20 MHz 

Ic = 50 mA; Vee = 10 V fT = 60 MHz 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-39; collector connected to case. 


‘ = 0,51 
: max 
' a 


f 
a 2 ee | eee 
max min es 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum system (IEC 134) 
VcBo 
VCEO 
VEBO 
Ic 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.} 


Total power dissipation 
UP to Tease = 25 OC 


UP tO Tease = 100 °C 

UP tO Tamb = 25 °C 
Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to case 
From junction to ambient in free air 
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Prot 
Prot 
Prot 
T stg 
Tj 


Rth j-c 
Rth j-a 


max. 80 
max. 35 
max. 7,0 
max. 1,0 
max. 5,0 
max. 2,8 
max. 0,8 

—65 to +200 
max, 200 
= 35 
= 219 





K/W 


Silicon planar epitaxial transistor 2N2297 





CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 


Collector cut-off current 


le = 0; Vcp=60V IcBO =< 10 nA 

le = 0; Veg = 60 V; Tarp = 150 PC IcBo =< 10 pA 
Emitter cut-off current 

lc =0; Veg =5,0V lEBO < 10 nA 
Collector-emitter sustaining voltage* 

Ic = 30 mA; Ig =0 VcEOsust > 35 V 
Saturation voltages* 

Ic = 150 mA; Ip = 15mA VcEsat < 0,2 V 

_ ; = #2 VcEsat <= 1,0 V 

lc= 1A; lp = 100 mA Wares < 16 V 
D.C. current gain® 

lc = 10mA; Vee = 10V here > 30 

lc = 150 mA; Veg = 10 V hee 40 to 120 

Ic= 100A; Vee = 10V hee > 15 
Feedback time constant 

lc = 10 mA; Vep = 10 V; f= 4,0 MHz bb Ch’c = 800 ps 
Collector capacitance at f = 500 kHz 

le =l,=0; Veg =10V Ce < 12 pF 
Emitter capacitance at f = 500 kHz 

ic=lo= 0; Veg 70,5 V Ce < 80 pF 
Transition frequency at f= 20 MHz 

Ic = 50 mA; Vege = 10 V fr > 60 MHz 


* Measured under pulse conditions to avoid excessive dissipation: ree 300 ps: 6 = 0,01. 
** Measured with a lead length of 1 cm. 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


2N2368 


2N2369 


N-P-N transistors ina TO-18 metal envelope with the collector connected to the case. The 2N2368 and 
2N2369 are primarily intended for use in very high-speed saturated switching and v.h.f. amplification. 


QUICK REFERENCE DATA 








a 








Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 


Total power dissipation up to Tamph = 25 OC 


Junction temperature 
D.C. current gain at Tj = 25 oC 
Ic =10mA; VceE=1V 


Transition frequency 
Ic = 10 mA; Vce = 10 V 


Storage time 
lc =!lp =—lpy = 10mA 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 





Accessories: 56246 (distance disc). 





i 


VcBpo max. 40 
VceEO max. 15 
Icom max. 500 
Ptot max. 360 
Tj max. 200 
2N2368 hee 20 to 60 
2N2369 hee 40 to 120 
2N2368 ft > 400 
2N2369 fT > 500 
2N2368 ts << 10 
2N2369 te < 13 


MHz 
MHz 


ns 
ns 


Dimensions in mm 





‘3S __Yo,51 
48 amax 
max 

Y 


i 

i 

| : | 

| 1 

| a} ee | ped Paes ip ————ie | 
ce 12.7 min 

7266201 
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2N2368 
2N2369 








RATINGS (Limiting values) |) 


Voltages 

Collector-base voltage (open emitter) VosBo max. 40 V 
Collector-emitter voltage (open base) VCEO max. ls V 
Collector-emitter voltage with Var = 0 VCES max. 40 V 
Emitter-base voltage (open collector) VEBO max. 4.5 V 
Current 

Collector current (peak value; t = 10 us) IcM max. 500 mA 


Power dissipation 


Total power dissipation up to Tamb = 25°C Prot max. 360 mW 


Tem peratures 


Storage temperature T stg -65to+200 °% 


Junction temperature T; max. 200 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 0.48 %C/mW 


From junction to case Rthj-c = 0.145 %C/mW 


1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 
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Silicon planar epitaxial transistors 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 

le =O; Vep =20V 

le = 0; Vep=20V; Tj = 150°C 
Sustaining voltage* 

Ic =10mA;lp=0 
Saturation voltages 


lc=10mA;lp=1mA 


Collector capacitance at f = 140 kHz 
le=le=O;Vegqzov 


D.C. current gain* 
lc=10mA; Vee=1V 


lc =10mA; Vee = 1 ViTj = —§5 °C 


lc = 100 mA; Vce = 2 V 


Transition frequency 
Ic = 10mA; Vee = 10 V 





ICBO 
ICBO 


VCEQOsust 


VCEsat 
VBEsat 


* Measured under pulsed conditions to avoid excessive dissipation. 


Pulse duration t = 300 ws; duty cycle 6 = 0,01. 





2N2368 


2N2369 
< 0,4 vA 
fs, 30 wA 
> 15 V* 
“ 0,25 V 
0,7 to 0,85 V 
— 4 pF 


2N2368 | 2N2369 


20 to 60 | 40 to 120 


=> 10 20 
> 10 20 
> 400 500 MHz 
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2N2368 
2N2369 





CHARACTERISTICS (continued) 


=z oC 
Storage time 2N2368 t =< 10 
| =|r- = —| = 10) A 5 ~ J ns 
C= 'B BM m 2N2369 te < 13 ns 
Test circuit* 





Turn on time 


Ic = 10 mA; lp = 3mA;—Ve_e = 1,5 V ton <— 12 ns 
Turn off time 2N2368 
Ic = 10 mA; Ip =3 mA; -I =15mA sae ‘off = 19 ns 
C . BM 2N2369 tors <  18ns 
Test circuit* 
Lid, 2200, pF 





Bau , 
ton Vag -3¥ +3V 
tore Vow © THEY 
Prip tre | 
* Pulse generator Oscilloscope 
Pulse duration t = 300ns Rise time tr = 1 ns 
Duty cycle 6 <= 0,02 Input impedance = R; = 50 2 
Rise time t Ss ins 
Source impedance Rg = 502 
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2N2369A 





SILICON PLANAR EPITAXIAL TRANSISTOR 


N-P-N transistor in a TO-18 metal envelope primarily intended for high-speed saturated switching and 
high frequency amplifier applications. 


QUICK REFERENCE DATA 














Collector-base voltage (open emitter) VcBo max. 40 V 
Collector-emitter voltage (open base) VCEO max. 15 V 
Collector current (peak value; th = 10 ys) lem max. 500 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 360 mW 
Junction temperature Tj max. 200 9C 
D.C. current.gain at Tj =25 oC 

Ic = 10 mA; Veg = 0,35 V hee > 40 

Ic = 10 mA; Veg = 1,0 V hee < 120 
Transition frequency at f = 100 MHz 

lc = 10mA; Vee = 10V fr > 500 MHz 
Storage time 

Icon = 'Bon = —!Boff = 10mA ts < 13 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 


Collector connected to case. 


i __Y0,51 
i: amax 
max 

A] 





r 
| 53 _.| ‘ | 
a 9 = =. — i | 
max 12,7 min 
TLE9620,1 





Accessories: 56246 (distance disc). 





May 1979 633 


2N2369A 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-base voltage (open emitter ) VCBO max. 40 V 

Collector-emitter voltage (open base} 

lc = 0,01 mA to 10 mA VCEO max. 15 V 

Collector-emitter voltage (Vpe = 0) VCES max. 40 V 

Emitter-base voltage (open collector) VEBO — max. 45 V 

Collector current (d.c.) Ie max. 200 mA 

Collector current (peak value; ty = 10 ps) lem max. 500 mA 

Total power dissipation up to Tamp = 25 °C Prot max. 360 mW 
UP tO Trace = 25 PC Prot max. 1200 mW 
UP tO Trace = 100 PC Prot max. 680 mW 

Storage temperature Tstg —65 to+ 200 °C 

Junction temperature Tj max, 200 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 486 K/W 
From junction to case Rthj-c = 146 K/W 
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2N2369A 


Silicon planar epitaxial transistor 





CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 


Collector cut-off current 


Vee = 0; Vce = 20V Ices + 0,4 pA 

le = 9; Veg = 20 V; Tamp = 150 OC IcBo < 30 pA 
Base current 

Vee =9; Vee = 20 V —IBEX < 0,4 pA 
Collector-base breakdown voltage 

open emitter; Ic = 10 wA ViBRICBO > ' 40V 
Collector-emitter breakdown voltage 

Vee = 0; Ic = 10 pA V(BR)CES > 40 V 
Emitter-base breakdown voltage 

open collector; lp = 10 pA V(BR)EBO > 45 V 


Collector-emitter sustaining voltage* 


open base; Ic = 10 mA VCEOsust > 15 V 
Saturation voltages ; 
= in = VCEsat < 0,20 V 
Ic = 10 mA; Ip =1,0 mA VBEsat 0,70 to 0,85 V 
: VcE < 0,30 V 
= : = : = oO Sat 
I¢ = 10 mA; Ip = 1,0 MA; Tampb = 125 OC Wace a 0,59 V 
I¢ = 10 mA; Ip = 1,0 MA; Tamp = —55 OC VBEsat < 1,02 V 
V < 0,25 V 
Ir = 30 mA; Ip = A CEsat ' 
. nA ne VBEsat < 1,15 V 
o a feces VCEsat < 0,50 V 
Ic = 100 mA; Ip = 10mA Veer be 160 V 
D.C. current gain* 
Ic = 10 mA; Vege = 0,35 V hfe > 40 
Ic = 10 mA; Veg = 0,35 V; Tamb = —55 OC hFE > 20 
lc = 10 mA; Vee = 1,0 V hee <= 120 
Ic = 30 mA; Vee =0,4 V hee > 30 
lc = 100 MA; Veg = 1,0 V hee > 20 
Collector capacitance at f = 140 kHz 
le = 1, =90; Veg = 5,0 V Ce < 4,0 pF 
Transition frequency at f = 100 MHz 
Ic = 10 mA; Veg = 10 V fT > 500 MHz 


* Measured under pulse conditions to avoid excessive dissipation: ty = 300 ys; 6 = 0,02. 
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2N2369A 


Storage time (see Figs 2 and 3) 





Fig. 2 Storage time test circuit. 





Tergeo4 


Fig. 3 Waveforms at input, 
point A and output. 


Turn-on time (see Figs 4 and 5) 


ICon = 10 MA; Ipon = 3 MA; —VeBE oF = 1,5 V ton = 12 ns 
Turn-off time (see Figs 4 and 5) 
Icon = 10 mA; IBon = 3 MA; —i pose = 1,5 MA toff <= 18 ns 


3,3ki2 T.U.T. 2209 0,1 uF 
- -—o +16 ¥ 





Vo 

ton: Veg =-3¥ TE ISOS 

toff: Vag =tl2V 72 79606 
Fig. 4 Turn-on and turn-off test circuit. Fig. 5 Input and output waveforms. 
Pulse generator: Oscilloscope: 
Rise time t <= T ns Rise time t = Ions 
Pulse duration t = 300ns Inputimpedance Rj; = 50 2 
Duty factor 5 = 0,02 
Source impedance Rs = 50 2 
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SILICON PLANAR TRANSISTORS 






2N2483 


N-P-N transistors in TO-18 metal envelopes with the collector connected to the case. 


2N2484 





These transistors are primarily intended for use in high performance, low-level, low-noise amplifier 
applications both for direct current and frequencies of up to 100 MHz. 


QUICK REFERENCE DATA 


SS 





Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector current (peak value) 


Total power dissipation up to Tamp = 25 OC 


Junction temperature 

D.C. current gain at Tj = 275 °C 
lc = 10 yA; Vee =bV 
lc= 1mA;Vce=5V 
Ic=10mA; Vce=5V 


Transition frequency 
Ic =0,5 mA; Vce =5 V 


Noise figure at Re = 10 kf2 
Ic = 10 pA; Vee = 5 V; B= 15,7 kHz 


MECHANICAL DATA 
Fig. 1 TO-18. 
Collector connected to case 





Accessories: 56246 (distance disc). 





VcBO max 
VCEQ max 
lcm max 
Prot max 
qj max 

> 
NFE < 
hee a 
HEE = 
fT typ 
F < 


sbeebs 
60 | 60 
60 | 60 
50 50 
360 360 
200 200 
40 100 
120 500 
175 250 
500 800 
80 80 
4 3 


Pa ane 12.7min ——> 


TLB8420,1 


2N2483 | 2N2484 


MHz 


dB 


Dimensions in mm 
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2N2483 
2N2484 





RATINGS (Limiting values) !) 
Voltares 

Collector -base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter -base voltage (open collector) 


Currents 


Collector current (peak value) 


Power dissipation 


Total power dissipation up to Tamb=25°C 


Temperatures 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


VCBO 
VCEO 
VEBO 


max. 6) 
max. 60 
max. 6 
max. 50 


max. 360 


-65 to +200 
max. 200 
= 0.48 
= 0.13 





mA 


mW 


a 
°C 


°C /mW 
°C /mW 


!) Limiting values according to the Absolute Maximum System as defined in 


IEC publication 134. 
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2N2483 
2N2484 





CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Collector cut-off current 

Ip = 0; Vop = 45 V IcBo < 10 nA 

Ip = 0; Vop = 45 V; Tj = 150 °C Icgo < 10 A 


Emitter cut-off current 


Ic = 0; VEB=5 V IRBO < 10 nA 


Base-emitter voltage 





Ic = 0.1 mA; VcR=5V VBE 0.5to0.7 V 


Collector-emitter saturation voltage 





Ic = 1 mA; Ip = 0.1 mA VCEsat < 3090 mV 
D.C. current gain 2N2483 2N2484 
Ic = IlwA; VCR z5 V hpR > 30 
Ic = 10KMA; VOR =5 V hFpR 40 to 120] 100 to 500 
Ic = 10MA; VCE =5 V; Tj = 55 °C hFR > 10 20 
Ic = 100OWA; VoR=z5 V hFE = 75 175 
Ic = 500 uA; VcR=zA5 V hFR > LOO 200 
Ic = IlmA;: VcE=5V hFRE > 175 250 
Ic = 10 mA; Vop =5 V4) hee < 500 800 
Collector capacitance at f = 1 MHz 
Ip =Ie = 0; Vop=5 V Ceo < 6 6 pF 
Emitter capacitance at f = 1 MHz 
Ic = 1, = 0; Vep=0.5 V Ce < 6 | 6 pF 
Transition frequency 
Ic = SOwA; VcR=5 V fT > 12 15 MHz 
. > 60 60 MHz 
.=500 uA: Vere =5V ; | 
Ic = 500 HA; Vop =5 V ae ie. 76 80 Mie 


L) Measured under pulsed conditions to prevent excessive dissipation. 
Pulse duration t < 300 us; duty cycle 6< 0.01 
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2N2483 
2N2484 





CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 
Noise figure 2N2453 


Ic = 1O MA; Vorp = 5 V; Rg = 10 kD 


= 100 Hz; bandwidth 20 Hz 
f= 1 kHz; bandwidth 200 Hz 
f= 10 kHz; bandwidth 2 kHz 
Wide band: bandwidth 15.7 kHz 


h parameters at f = 1 kHz 


Ic = 1 mA; VcR=5 V 





Input impedance hie Il.5to 13])3.5to 24 kQ 
Reverse voltage transfer hre < 8 & 10-4 
Small signal current gain hfe 80 to 450 | 150 to 900 
Output admittance hoe << 30 40 wu qr! 





640 | June 1968 


SILICON PLANAR EPITAXIAL TRANSISTORS 






2N2904 
2N2904A 





P-N-P transistors in TO-39 metal envelopes designed primarily for high-speed switching and driver 


applications for industrial service. 
QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Collector current (d.c.) 
Total power dissipation up to Tamp = 25 OC 
Junction temperature 


D.C. current gain at T; = 25 °C 

—Ic= 150 mA; — cE= 10 V 
Transition frequency at f = 100 MHz 

—Ic = 50 mA; —Vce = 20 V; Tj =2?5° 


Storage time 


a 


MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case. 





60 V 


—-VcBO max. 
2N2904 —VCEQ max. 40 V 
2N2904A —VcEQ max. 60 V 
—I¢ max. 600 mA 
Prot max, 0,6 W 
Tj max. 200 °C 
hee 40 to 120 
fT > 200 MHz 
ts < 80 ns 
Dimensions in mm 
4 _Y 
| ra 
Ss. == 
SSS 


a 66 ae 27 


Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 





wa Products approved to CECC 50002-102, available on request. 
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2N2904 
2N2904A 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) —VcBo max. 60 


Collector-emitter voltage (open base) 2N2904 —-VCEO max 40 


V 
V 
2N29044 —Vceo max. 60 V 
V 


—lc¢< 100 mA 
Emitter-base voltage (open collector) —-VERO max. 5 
Collector current (d.c.) —I¢ max. 600 mA 
Total power dissipation 

up to Tampb = 25 PC Prot max. 0,6 W 

UP tO Tease = 25 OC Prot max. 3,0 W 
Storage temperature Tstg —65 to +200 °C 
Junction temperature Tj max. 200 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 292 K/W 
From junction to case Rth j-c " 58 K/W 
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2N2904 
2N2904A 


Silicon planar epitaxial transistors 





CHARACTERISTICS 


Tamb = 25 OC unless otherwise specified 


Collector cut-off current -2N2904 = |2N2904A 


le =0;-—Vep =50V —IcBo < 20 10 nA 
le = 0; —Vccg = 50 V; Tamb = 150 OC —IcBoO < 20 | 10 pA 
tVae = 0,5 V;—Vee = 30V —ICEX ~ 50 50 nA 
Base current 
+Vae = 0,5 V;—Vee = 30V Ipew <= 50 | 50 nA 
Collector-base breakdown voltage | 
open emitter; —lc = 10 uA —-V(BR)CBO =~ 60 | 60 V 
Collector-emitter breakdown voltage * 
open base; —lc = 10mA —-VIBR)CEO > 40 60 V 
Emitter-base breakdown voltage 
open collector; —l_e = 10 uA —VIBR)EBO > 5 5 V 
Saturation voltages * 
a 7 —VCEsat <= 0,4 0,4 V 
—lc = 150 mA; —l_ = 15 mA —VBEsat < 13 1,3 V 
— =F -__ = | —VCEsat < 1,6 1,6 V 
Ic = 500 mA; —Ip = 50mA Yea < 26 56 4 
D.C. current gain 
—!c = 0,1 mA;—Vce = 10 V hee > 20 40 
—Ic= 1mA;—Vce=10V hee > 25 40 
—lc = 10 mA; —Vcge = 10V hee > 35 40 
_ : = - > 40 40 
—lc =150 mA; —Vceg = 10 V hee < 120 120 
—I¢ =500 mA; —Vcg = 10 V * hE > 20 40 
Collector capacitance at f = 100 kHz 
le =!,= 0; —Vep = 10 V Ce <= ra] pF 
Emitter capacitance at f= 100 kHz 
lc=l,=0;-Veg=2V Ce < 30 pF 
Transition frequency at f = 100 MHz 
—Ic = 50 mA; —Vce = 20 V * tr > 200 MHz 


* Measured under pulse conditions to avoid excessive dissipation: ty = 300 us: 6 = 0,02. 
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2N2904 
2N2904A 


Turn-on time (see Fig. 2) 
when switched to —l con = 150 MA; —Ipon = 15 MA 


delay time ty < 10 ns 

rise time tr <= 40 ns 

turn-on time ton < 45 ns 
-30V 






—16V —! 72782344 


Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 
Turn-off time (see Fig. 3) 


when switched from —!lCogn = 150 mA; —lBon = 15 MA 
to cut-off with +lpar = 15 mA 


storage time t < 80 ns 

fall time te < 30 ns 

turn-off time teff = 100 ns 
+15V -—6V 


-30V — 


| Th ae 





72829465 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 

frequency f = 150 Hz rise time t = 5 ons 
pulse duration tp = 200ns input impedance 2p = 10 MQ 
rise time tp & 2ns 


output impedance fg = 5002 
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2N2904 
2N2904A 


Silicon planar epitaxial transistors 





fZB2346 
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Fig. 4 Typical values; Tj = 25 °C. 
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Fig. 5 Typical values; Tj = 25 oC. 
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2N2904 
2N2904A 
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Fig. 7 —VcgE = 5,0 V; T; = 25 °C. 
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Fig. 8 —Voe = 5,0 V; Tj = 25 OC. 


646 July 1979 





Silicon planar epitaxial transistors 
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Fig. 11 —Vcee =5,0 V; qj = 25 9C. 
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2N2905 
2N2905A 








| i 
SILICON PLANAR EPITAXIAL TRANSISTORS ae 


P-N-P transistors in TO-39 metal envelopes designed primarily for high-speed switching and driver 


applications for industrial service. 


QUICK REFERENCE DATA 


i 


Collector-base voltage {open emitter) 
Collector-emitter voltage (open base) 


Collector current (d.c.) 
Total power dissipation up to Tamp = 25 OC 
Junction temperature 
D.C. current gain at T; = 25 °C 
—Ic¢ = 150 mA; Ver =10V 
Transition frequency at f = 100 MHz 
—Ic = 50 mA; —Vee = 20 V; Tj = 25 °C 


Storage time 
—ICon = 150 mA; —IBon = IBofe = 15 MA 


MECHANICAL DATA 
Fig. 1 TO-39. 
Collector connected to case. 





Maximum lead diameter is guaranteed only for 12,7 mm. 


Accessories: 56245 (distance disc). 


= Products approved to CECC 50 002-102, available on request. 








—VcBO max. 60 V 


2N2905 —VcEO max. 40 V 
2N2905A —VcEeo max. 60 V 


—Ic max. 600 mA 
Prot max. 0,6 W 
Tj max. 200 °C 
hfe 100 to 300 

fT > 200 MHz 
ts <= 80 ns 


Dimensions in mm 


72599224 
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2N2905 
2A2905A 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


—VcCBO 


Collector-base voltage (open emitter) 


Collector-emitter voltage (open base} 


—I¢< 100 mA — 


2N2905A 
Emitter-base voltage (open collector) 
Collector current (d.c.) 


Total power dissipation 
UP to Tamb = 25 OC 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 
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-VCEO 
-VCEO 
—VEBO 
—Ie¢ 


Prot 
Prot 
T stg 
yj 


Rth j-a 
Rth j-c 


max. 60 
max. 40 
max. 60 
max. 5 
max 600 
max. 0,6 
max. 3,0 
—65 to + 200 
max. 200 
= 292 
= 58 





K/W 
K/W 







2N2905 
2N2905A 


Silicon planar epitaxial transistors 





CHARACTERISTICS 


Tamb = 25 °C unless otherwise specified oN2O05 | 2N2Q06A 





Collector cut-off current 





le = 0; —Vcepg=50V —ICBO < 20 10 nA 
le = 0; —Vcp = 50 V; Tamb = 150 OC —IcBo <= 20 10 pA 
+Vpe =0,5 V; -Vce = 30 V —IceExX < 50 50 nA 
Base current 
+Vpe =0,5 V; —Vee = 30 V IBEX <= 50 50 nA 
Collector-base breakdown voltage 
open emitter; —Ic = 10 pA -ViBRICcBO = 60 60 V 
Collector-emitter breakdown voltage* 
open base; —Ic = 10 mA —ViBRICEO > 40 60 V 
Emitter-base breakdown voltage 
open collector; —l_ = 10 pA —ViBR)EBO = 5 5 V 
Saturation voltages” 
—VeCEs. < 0,4 04 V 
—I¢ = 150 mA; —Ip = 15 mA yer a 43 13 V 
-V < 1,6 1,6 V 
—I¢ = 500 mA; —Ip = 50 mA Eek < 26 26 V 
D.C. current gain 
—Ic = 0,1 mA; —Vce = 10 V hee > 35 75 
—Ic= ImA;-Vece=10V hee - 50 100 
—Ic= 10mA;—Vce = 10V hee al 100 
> 100 100 
—Ic = 150 mA; —Veeg = 10 V* hee < 300 300 
—l¢ = 500 mA; —Vce = 10 V* hee > 30 50 
Collector capacitance at f = 100 KHz 
le=l.-=90;-—Veg=10V Ce < 8 pF 
Emitter capacitance at f = 100 kHz 
Ic =I, = 0; —Veg z2V C. < 30 pF 
Transition frequency at f = 100 MHz 
—Ic = 50 mA; —Veg = 20 V* fr > 200 MHz 


* Measured under pulse conditions to avoid excessive dissipation; ty = 300 ps; 6 = 0,02. 
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2N2905 
2N2905A 





Turn-on time (see Fig. 2) 
when switched to —I¢op, = 150 mA; —Ipo7, = 15 mA 


delay time 
rise time tr < 40 ns 
turn-on time to, <= 45 ns 


—30V 






282544 


Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 


Turn-off time (see Fig. 3) 
when switched from —Icopn = 150 MA; —IBon = 15 MA 
to cut-off with + Ipor¢ = 15 mA 
storage time 


fall time 
turn-off time 


7282945 





Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 

frequency f = 150 Hz rise time ty = 5 ns 
pulse duration tp = 200 ns input impedance 7; = 10 M& 
rise time t = 2ns 


output impedance 4, = 502 
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2N2906 
2N2906A 








ec 
SILICON PLANAR EPITAXIAL TRANSISTORS Le 


P-N-P medium power transistors in TO-18 metal envelopes designed primarily for high-speed switching 
and driver applications for industrial service. 


QUICK REFERENCE DATA 


ES Se a a es ee 





Collector-base voltage (open emitter) —VcBO max. 60 V 
Collector-emitter voltage (open base) ee x Byeee ae a 
Collector current (d.c.) —l¢e max. 600 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 0,4 W 
Junction temperature Tj max. 200 °C 
D.C. current gain at Tj = 25 oC 

—lc = 150 mA; —Vcg = 10 V = 40 to 120 
Transition frequency at f= 100 MHz 

—Ic¢ = 50 mA; —Vc_e = 20 V; Tj = 25 OC fT > 200 MHz 
Storage time 

—ICon = 150 MA; —IBon = Bore = 15 MA te < 80 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-18. 


Collector connected to case. 





| 
53 
ja 9 | <g-—___—. in ——e 
a 12,7 min 
7Z69420.1 





emer 
arg at | 


Accessories: 56246 (distance disc). 


= Products approved to CECC 50 002-103, available on request. 
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2N2906 





2N2906A 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-base voltage (open emitter) —VcBO max. 60 V 
Collector-emitter voltage (open base) °N2906 —~VcEQ max. 40 V 
een 2N2906A —VcrQ max. 60V 
Emitter-base voltage (open collector) - —VEBOQ max. 5 V 
Collector current (d.c.) —I¢c max. 600 mA 
Total power dissipation 
up to Tamb = 25 OC Prot max. 0,4 W 
UP tO Tease = 25 OC Prot max. 1,2 W 
Storage temperature Tstg —65 to+ 200 °C 
Junction temperature Tj max. 200 °C 


THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 438 K/W 
From junction to case Rthj-c = 146 K/W 
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2N2906 
2N2906A 


Silicon planar epitaxial transistors 





CHARACTERISTICS 
Tamb = 25 @C unless otherwise specified 


2N2906 | 2N2906A 
Collector cut-off current oa ae 
le = 0; -—Vcp =50V —leBo < 20 10 nA 





le = 0; —Vcpg = 50 V; Tamb = 150 °C —IcBO < 20 | 10 uA 
+ Vee = 0,5 V; -Vee = 30 V —IcEYX < 50 50 nA 
Base current 
+Vere = 0,5 V: —VcE= 30 V lpex < 50 50 nA 
Collector-base breakdown voltage | 
open emitter; —I¢ = 10 nA —-V(BRICBO => 60 | 60 V 
Collector-emitter breakdown voltage* 
open base; —Ilc = 10 mA —-ViBRICEO => 40 60 V 
Emitter-base breakdown voltage 
open collector; —lp = 10 uA -VIBRJEBO > 5 5 V 
saturation voltages* | 
—I¢ = 150 mA; —Ip = 15 mA Bisa leet a. & 
= < 6 
—I¢ = 500 mA; ~Ig = 50 mA Pic - et es ae 
D.C. current gain 
—lc = 0,1 mA; —Vee = 10 V hee > 20 40 
-lc= 1mA;—Vcge=10V hfe > 25 40 
—-lc= 10mA;—Vecg = 10 V hee > 35 40 
* > 40 40 
—Ic¢ = 150 mA; —Vece = 10 V hee = 120 120 
—lc¢ = 500 mA; —Vec_- = 10 V* hee > 20 40 
Collector capacitance at f = 100 kHz 
le = 1, = 0; —Vcpg = 10 V Ce < ts] pF 
Emitter capacitance at f = 100 kHz 
Ic=1,=0; -Veg=2V Ce < 30 pF 
Transition frequency at f = 100 MHz 
—lc¢ = 50 mA; —Vee = 20 V* fT > 200 MHz 


* Measured under pulse conditions to avoid excessive dissipation: tp = 300 ys; 6 = 0,02. 





July 1979 655 







2N2906 
2N2906A 





Turn-on time {see Fig. 2} 
when switched to —I¢g, = 150 MA; —Ipon = 18 MA 


delay time td < 10 ns 

rise time tr < 40 ns 

turn-on time ton = 45 ns 
--30V 





= 


= th fie 


Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 


Turn-off time (see Fig. 3) 
when switched from —Icgp, = 150 mA; —Ipo7, = 15 mA 
to cut-off with + Ipo¢¢ = 15 mA 


storage time te < 80 ns 

fall time ty < 30 ns 

turn-off time toff «3 20 100 ns 
+15V -6V 


—30V — 


idl tp eS 





P2ZB2345 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2? and 3) Oscilloscope (see Figs 2 and 3) 

frequency f = 150 Hz rise time tr = 5 ns 
pulse duration tp = 200 ns input impedance <j — 10 Maz 
rise time tr < 2 ns 

output impedance Z, = 50 &2 
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2N2907 
2N2907A 








ee 
SILICON PLANAR EPITAXIAL TRANSISTORS ee 


P-N-P medium power transistors in TO-18 metal envelopes designed primarily for high-speed switching 
and driver applications for industrial service. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBo max. 60 V 


2N2907 —-VCEO max. 40 V 


Collector-emitter voltage (open base) 2N2907A —-VcEQ = max 60 Vv 


Collector current (d.c.) —Ic max. 600 mA 
Total power dissipation up to Tamp = 25 PC Prot max. 0,4 W 
Junction temperature Tj max. 200 °C 
D.C. current gain at Tj = 25 OC 

—Ic = 150 mA; —Vee = 10V hFE 100 to 300 
Transition frequency at f = 100 MHz 

—l¢ = 50 mA; —Vog = 20 V; Tj) = 25 °C fr > 200 MHz 
Storage time 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TQ-18. 


Collector connected to case. 


‘ Voss 
48 ,max 
max 

al in! 

le 53 el —— 12,7 min ae 


FEESG20.1 





Accessories: 56246 (distance disc), 


= Products approved to CECC 50 002-103, available on request. 
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2N2907 
2N2907A 





RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134} 
Collector-base voltage (open emitter) —-VcRBO max. 60 V 
Collector-emitter voltage (open base) 

—l¢ =< 100 mA 2N2907 —-VCEO max. 40 V 

2N2907A —Vce9 max. 60 V 

Emitter-base voltage (open collector) —VEBO max. 5 V 
Collector current (d.c.) —Ic max. 600 mA 
Total power dissipation 

UP tO Tamb = 25 OC Prot max. 0,4 W 

UP tO Tease = 25 OC Prot max. 1,2 W 
Storage temperature Tstg —65 to +200 °C 
Junction temperature Tj max, 200 °C 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a = 438 KW 
From junction to case Rthj-c = 146 K/W 
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2N2907 
2N2907A 


Silicon planar epitaxial transistors 








CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 


Collector cut-off current 2N2907 | 2N2907A 





le = 0;—-Vep = 50V —IcBo <= 20 10 nA 
fe = 0; —Vep = 50 V; Tamb = 150 °C —lIcpo < 20 10 pA 
Vee = 0,5 V; —Vee = 30 V —IcEX < 50 50 nA 
Base current 
+Vee = 0,5 Vi —Veg = 30 V IBEX =< 50 50 nA 
Collector-base breakdown voltage 
open emitter; —Ic = 10 yA —ViIBRJCBO > 60 60 V 
Collector-emitter breakdown voltage * 
open base; —Ic = 10 mA —-VipRIcEO > 40 60 V 
Emitter-base breakdown voltage 
open collector; —ip = 10 uA —-V(BRIEBO > 5 5 V 
Saturation voltages * | 
_ = ._ = —VCEsat — 0,4 0,4 V 
Ic = 150 mA; —ip = 15 mA Nigrice < 13 | 13V 
jae ate Veet << 18 | 1,6 V 
Ic = 500 mA; —Ip = 50 mA Mine < 26 26 V 
D.C. current gain 
—lc =0,1 mA; —Veg = 10 V hFe > 35 75 
-Ic= 1mA;—Vee = 10V hFEe > 50 100 
—Ic¢= 10 mA; —Vere = 10 V hee > 75 100 
= ; a * | => 100 100 
—l¢ =150 mA; —Vce = 10 V hFE < 300 300 
—Ic¢ =500 mA; —Vc_e = 10 V * hee > 30 50 
Collector capacitance at f = 100 kHz 
le =lg=0;-Vep=10V Ce. i 8 pF 
Emitter capacitance at f = 100 kHz 
lc =le=0;-Vep=z2V Ce < 30 pF 
Transition frequency at f = 100 MHz 
—Ic = 50 mA; —Vee = 20 V * fF > 200 MHz 


* Measured under pulse conditions to avoid excessive dissipation: typ = 300 us; 6 = 0,02. 
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2N2907 
2N2907A 





Turn-on time (see Fig. 2) 
when switched to —I¢g7, = 150 mA; —Ipg, = 15 mA 


delay time tg < 10 ns 
rise time t << 40ns 
turn-on time ton = £45 75 






PZB2344 
ef 





Fig. 2 Input waveform and test circuit for determining delay, rise and turn-on time. 


Turn-off time (see Fig. 3) 
when switched from —I¢gp = 150 MA; —lBon = 15 MA 
to cut-off with tla, = 15 mA 
storage time 
fall time 


turn-off time tofp < 100 ns 


tj < 80 ns 
te o< 30 ns 


+15V —-6V 


Vo 


-30V ——-} 
7282345 


Fig. 3 Input waveform and test circuit for determining storage, fall and turn-off time. 


Pulse generator (see Figs 2 and 3) Oscilloscope (see Figs 2 and 3) 
frequency f =150 Hz rise time t = 5 ns 
pulse duration tp = 200 ns inputimpedance Z) < 10 MQ 
rise time tt = 2ons 


output impedance 2, = 50 22 
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2N3019 
2N3020 








ee 
SILICON PLANAR EPITAXIAL TRANSISTORS ee 


N-P-N transistors in TO-39 metal envelopes intended for use as amplifiers and in switching circuits. 


QUICK REFERENCE DATA 


NE 





Collector-base voltage (open emitter) VcBO max. 140 V 
Collector-emitter voltage (open base) VCEO max. BO V 
Collector current (d.c.) Ic max. 1 A 
Total power dissipation 

up to Tamb = 25 PC Prot max. 0,8 W 
Junction temperature Tj max. 200 oC 





D.C. current gain 


. | > 100 40 
Ic = 150 mA; Veg = 10 V hee < 300 120 
Transition frequency at f = 20 MHz 
lc = 50 mA; Vcge = 10 V fy > 100 80 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 
Collector connected to case 
ry Vos 
j max 
8,5 — 
max 


fe 
min 72593224 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


© Products approved to CECC 50 002-175, available on request. 
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2N3019 
2N3020 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 





Voltages 

Collector-base voltage (open emitter) Vcso max, 140 «6V 
Collector-emitter voltage (open base) VcCEO max, 60 V 
Emitter-base voltage (open collector) VERO max, Ani 
Current 

Collector current (d.c.) le max, Ll OA 


Power dissipation 
Total power dissipation up to Tamb = 25 °C Prot max. 0,8 W 


up to Tease = 25 oC Prot Max, ae 0 W 


Te mperatures 


Storage temperature T stg -635 to+200 oC 
Junction temperature Tj max. 2).. °C 
THERMAL RESISTANCE 
From junction to ambient in free air Reh j-a = 218 °C/W 
From junction to case Reh j-c = 35 %C/W 
CHARACTERISTICS Tamb = 25 °C unless otherwise specified 
Collector cut-off current 
a ee ee 

Ip = 0; Vcp =90V [cBo < 10) =onA 

Ig = 0; Vop = 90 V; Tamp = 150 °C IcBo < 10 pA 


Emitter cut-off current 
ee 


ic =0; Vep= SV IFRO < 10 nA 


Brea kdown volta ges 


Ip = 0; Ic = 100 pA V(BR)CBO. > 140 V 

Ip =O;I¢ = 30mA V(BR)CEO > 30 Vv Cy 

Ic = 0; Ip = 100 pA V(@BR)EBO > Pre 
Saturation voltages 

Ic = 150 mA; Ip = 15 mA oe : re i 1 

I¢ = 500 mA; Ip = 50 mA VCEsat < 05 v ¥ 





1) Measured under pulse conditions: tp = 300 us; 6 < 0,01. 
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2N3019 











2N3020 
CHARACTERISTICS (continued) Tamb = 25 °C unless otherwise specified 
N3019 | 2N3020 
D.C. current gain 1) saci ei 
: ‘ F = . = 30 
lc = 0,1lmA; Ver = 10% her s 100 
Ii- = l10mA;V =1l0V h : ne 
CG ys SOR FE < 120 
Ic = 150 mA; Vop = 10 V hy: - hs 
Se > YCE = FE < 120 
lc = 150 mA; Vop = 10 V3; Tease = -55 °C hpp > - 
Ic = 500 mA: Vop = 10 V bee 7 - 
C= » *CE FE < 100 
[Ic = 1000 mA; Vor = 10 V hFR > 15 
Transition frequency at f = 20 MHz 
Ic = 50mA;Vcp=10V fr > 100 80 MHz 
Collector capacitance at f = 1 MHz 
Ip =le = 0; Vep =10V Ce < 12 | 12 pF 
Emitter capacitance at f = 1 MHz | 
wh 
Ic =Il-e = 0; Veep =0,5 V Ce < 60 60 pF 
Feedback time constant at f = 4 MHz 
Ic = 10 mA; Vop = 10 V Ypb Ch'ec <= 400 400 ps 
Small-signal current gain at f= 1 kHz 
er > 80 30 
Ic = 1,0 mA; VcE= 2 V hfe - 400 200 
Noise figure at f = 1 kHz 
Ic = 0,1 mA; VecRp = 10 V; Reo = 1k F < 4 ~ dB 


1) Measured under pulse conditions: th = 300 ps; 6 £ 0,01, 






November 1975 
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2N3053 


SILICON PLANAR TRANSISTOR 


N-P-N transistor in a TO-39 metal envelope designed for medium speed, saturated and non-saturated 
switching applications for industrial service. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBo max. 60 V 
Collector-emitter voltage (open base) VCEO max. 40 V 
Collector current (d.c.) Ic max. 700 mA 
Total power dissipation up to Tease = 25 OC Prot max. 5,0 W 
Junction temperature Tj max. 200 °C 
D.C. current gain 

Ic = 150 mA; Veg = 10 V hee 50 to 250 
Transition frequency at f = 20 MHz 

lc = 50 mA; Vee = 10 V fT > 100 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 


0,86 
max 








Las 6,6 —=-—- 12,7 ——$—— 
Prva x mir 


Pa Er 


Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 
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2N3053 








666 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-base voltage (open emitter) VcBO max. 60 V 
Collector-emitter voltage (open base) * VCEO max. 40 Vv 
Emitter-base voltage (open collector) VEBO max. 5 V 
Collector current (d.c.) Ic max. 700 mA 
Total power dissipation up to Trase = 25 OC Prot max. 5,0 W 
Storage temperature Tstg —65 to + 200 °C 
Junction temperature Tj max. 200 °C 


THERMAL RESISTANCE 


From junction to case Rth j-c = 35 K/W 
CHARACTERISTICS 
Tamb = 25 °C 
Collector cut-off current 

Voce = 30 V; -Vepe =15V IcEXx < 0,25 pA 
Emitter cut-off current 

Ic =O;VeRg a4 lEBO = 0,25 pA 
Collector-base breakdown voltage 

open emitter; Ic = 100 yA VIBRICBO > 60 V 
Collector-emitter breakdown voltage** 

open emitter; lc = 100 pA VIBRICEO > 40 V 

Ic = 100 mA; Regge = 10 22 VIBR)CER > 50 V 
Emitter-base breakdown voltage 

open collector; l_ = 100 pA V(BRJEBO > 5 V 
Base-emitter voltage 

Ic = 150 mA; Vce = 2,5 V VBE < AY 
Saturation voltages 

Z hee VCEsat na 1,4 V 

Ic = 150 mA; Ip = 15 mA Were: < 17V 
D.C, current gain 

Ic = 150 mA; Vee = 2,5 V hre > 25 

Ic = 150 mA; Veg = 10 V** hee 50 to 250 
Collector capacitance at f = 140 kHz 

le = la =0; Veg =10V Ce < 15 pF 
Emitter capacitance at f = 140 kHz 

lo = 1, = 0; Veg =0,5 V Ce < 80 pF 
Transition frequency at f = 20 MHz 

Ic = 50 mA; Vee = 10 V fT > 100 MHz 


* For Ic = 0 to 100 mA (pulse conditions): tp = 300 us; 6 = 0,018, 0 to 700 mA for shorter pulses. 
** Measured under pulse conditions to avoid excessive dissipation: tp = 300 ws; 6 = 0,018. 
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2N3903 
2N3904 





SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 envelopes, primarily intended for high-speed, saturated switching 
applications for industrial service. 


P-N-P complements are 2N3905 and 2N3906. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO max. 60 V 
Collector-emitter voltage (open base) VcEQ max. 40 V 
Collector current (d.c.) Ic max. 200 mA 
Total power dissipation at Tamb = 25 °C Prot max. 350 mW 
Junction temperature Tj max. 150 °C 


D.C. current gain 











lc = 10mA; Vee =lV hee 
Transition frequency at f = 100 MHz 
Ic = 10 mA; Vce = 20 V fy MHz 
Storage time 
Icon = 10 MA; I Bon = —! Bott = 1 mA ts 200 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92., 
1 
2 
i -<¥pao 
3 ‘i min 
jp 5,2 max —— 12,7 i= I 
: : Yous 
C) ‘ max 
0,67 | 
me Bee Es 





diameter within 2,0 max | 


. . — | <9— PETROL 
is uncontrolled 





October 1981 667 


2N3903 
2N3904 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Total power dissipation at Tap = 25 °C 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient in free air 
CHARACTERISTICS 


Currents at reverse biased emitter junction 
Vce=30V;—-Vee=3 V 


Saturation voltages * 


Ic = 10 mA; Ip= 1 mA 


Ic =50mA;lp=5mA 


D.C. current gain * 
lc =0,1 mA; Vee =1V 


lc=1mA;Vce=1V 
Io = 10 mA; Vee =1V 


Ic =50 mA; Vee =1V 
Ic = 100 mA; Vee =1V 


Collector capacitance at 100 kHz <= f = 1 MHz 


le =le=0;Vcp=5V 


Emitter capacitance at 100 kHz = f = 1 MHz 


lc =1.=0; Veg =0,5 V 
Transition frequency at f= 100 MHz 
lc = 10 mA; Veg = 20 V 


Noise figure at Rs = 1 k&2 
lc = 100 uA; Vee =5V 
f= 10 Hz to 15,7 kHz 


* Measured under pulse conditions: tp = 300 ws; 6 = 0,02. 
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VCBO 
VCEO 
VEBO 
lc 
Prot 

T stg 


lj 


Rth j-a 


NA 





60 V 
40 V 
6 V 
200 mA 
350 mW 
—65 to+ 150 °C 
150 °C 


357 K/W 


50 nA 
50 nA 


200 mV 
650 to 850 mV 


300 mV 
950 mV 


2N3903 | 2N3904 





AV VV 


VV 


AN 


20 40 
35 70 
50 100 
150 300 
30 60 
15 30 

4 4 pF 

8 8 pF 


250 300 MHz 


6 5 dB 


Silicon planar epitaxial transistors 2N3903 


2N3904 





h-parameters (common emitter) 
lc = 1mA; Vce = 10 V; f= 1 kHz 


2N3904 





Input impedance hie 1to8 1to 10 kQ 
Reverse voltage transfer ratio hre 0,1to5| O,5to8 10% 
Small-signal current gain hfe 50 to 200 |100 to 400 
Output admittance hoe 1 to 40 1 to 40 pA/V 
Switching times 
Turn-on time (see Figs 2 and 3) when switched from 

—VBEoff = 9,5 V to IGgn = 10 MA; IBon = 1 MA 
Delay time td < 35 | 35 ns 
Rise time tr < 36 35 ns 








=| ferTaees 





2 T2T4R66 
Fig. 2 Input waveform; t, < 1 ns; tp = 300 ns; Fig. 3 Delay and rise time test circuit; total 
& = 0,02. shunt capacitance of test jig and connectors 


C, < 4 pF; scope impedance = 10 Mf. 


Turn-off time (see Figs 4 and 5) 

ICon = 10 mA; IBon = —lBoff = 1 MA 
storage time 
Fall time 





vi | 


IW} +3¥V 

i 
+109 -— 
| 











-9,1 
| | | 
— ‘pel tt — i 7Z74968 
Fig. 4 Input waveform; t¢ < 1 ns; Fig. 5 Storage and fall time test circuit; total 
10 us < ty <= 500 us; 6 = 0,02. shunt capacitance of test jig and connectors 


C,; < 4 pF; scope impedance = 10 MQ. 





October 1981 669 














ines ‘shells se piney lie? Dew agmore 2 pet 


Destine rani) eetérorerg 
tat #1 V GF = an¥ (Am I «5 
comsbaomi rt 
tty wien? esdploy areenh 
nleg Lone Meee iis S 
scneniara Tatu 


sacri? Qriirial es 
fen? DRRoe ety (EC bee f api? eae) era pone T 
Amt * npal Am GF © aun! at YEO = HoggV— 
? amily yaled 
7 anit sci! 





i 


igor ;iuorla sear one att Ore yo £ 5/4 en OE «9 san 1 > fo gemotiny figed Sg 
arsed bie 9!) Jews be warntiseces (us 00-4 
4 OF & sonsbegenl dqow = 3y > 2D ; 





(2 tare. © yl ee) Gorn “pry T 

Are |= vat * sagt Am Of ~ nt) 
ney Gye wate? 
ave lal 





wat > giclee sognl & gl 
mojoeanes brag) tact to sonetigacuer trite SAD © 8 ag OE > yy > 2g OF 
2M OT © ssnabeord! sqour “gq b> .> 





fe a = 


” 
ee 2 @ Cpe6@ 2 —ee= 


ee 


2N3905 
2N3906 


SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in plastic TO-92 envelopes, primarily intended for high-speed, saturated switching 
applications for industrial service. 


N-P-N complements are 2N3903 and 2N3904. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBo max. 40 V 
Collector-emitter voltage (open base) —VcEO max. 40 V 
Collector current (d.c.) -Ic max. 200 mA 
Total power dissipation at Tay = 25 OC Prot max, 350 mW 
Junction temperature Tj max. 150 °C 








D.C. current gain 
> 50 100 

—Ic = 10mA;—Vee=1V hee < 150 300 
Transition frequency at f = 100 MHz 

—lc = 10 mA; —Veceg = 20 V fr => 200 250 MHz 
Storage time 

—lCon = 10 MA: —l Bon = I Boff = 1 mA ts <= 200 225 ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92. 








a 5,2 max —>-—_—_— 12.7 Me 
| 
__‘ 49 
PUL max 
0,67 
max 
diameter within 2,0 el . 7278579.3 ~— 


is uncontrolled 
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2N3905 


2N3906 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-base voltage (open emitter) —VcBO max. 40 V 

Collector-emitter voltage (open base) —VcEo max. 40 V 

Emitter-base voltage (open collector) —VEBO max. 5 V 

Collector current (d.c.) —l¢e max. 200 mA 

Total power dissipation at Tamp = 25 OC Prot max. 350 mW 
—+* Storage temperature Tstg —65 to+ 150 °C 

Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 357 K/W 
CHARACTERISTICS 
Currents at reverse biased emitter junction 
—| = 50 nA 
—Vce = 30V; + VBE =3 V eiey < 50 nA 
Saturation voltages * 
= ; = —-VCEsat < 250 mV 
a eC aoa eS eee 650 to 850 mV 
me pa Pee —VCEsat < 400 mV 
lc = 50mA;—-Ip=5mA Vere tte 950 mV 
: 2N3905 | 2N3906 
D.C. current gain * ——---— 
—Ic =0,1 mA; Vee =1V hee > 30 | 60 
—Ic=1mA;Vce=1V hee > 40) 80 
| > 650/ 100 
—le = 10mA; Vee =a1V hee < 150 | 300 
—I¢ = 50 mA; Vog = 1V hee > 30} 60 
—Ic = 100 mA; Vcgp=1V hee > MB! 30 
Collector capacitance at 100 kHz = f = 1 MHz | 
le = 1_6=0;-Vop=5V Ch < s | 4,5 pF 
Emitter capacitance at 100 kHz = f= 1 MHz | 
Ic =o =0; -Veg= 0,5 V ce < 10] 10 pF 
Transition frequency at f = 100 MHz | 
—Ic = 10mA; —Vce = 20 V ft > 200 250 MHz 
Noise figure at Rg = 1 kQ2 
—Ic = 100 pA; —Vce =5V | 
f= 10 Hz to 15,7 kHz F < 5 4 dB 


* Measured under pulse conditions: tp = 300 us; 6 = 0,02. 
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Silicon planar epitaxial transistors 2 N3905 








2N3906 

h-parameters (common emitter) 2N3905 °2N3906 

—Ie = 1mA;—Ve_e = 10 V; f= 1 kHz ; 
Input impedance hie O,5to8 2to 12 kil 
Reverse voltage transfer ratio he OO, to | O1 to 10 10% 
Small-signal current gain hte 50 to 200 |100 to 400 
Output admittance hoe 1 to 40 3 to 60 A/V 
Switching times 
Turn-on time (see Figs 2 and 3) when switched from 

+V BEoft = 9,5 V to —Icon = 10 MA; —IBon = 1 MA 
Delay time ty < 35 35 ns 
Rise time i +s 35 35 ns 





F27T4d97o 








12 TagES 


Fig. 2 Input waveform; t, < 1 ns; ty = 300 ns; Fig. 3 Delay and rise time test circuit; total 
6 = 0,02. shunt capacitance of test jig and connectors 
C, <4 pF; scope impedance = 10 M22. 





Turn-off time (see Figs 4 and 5) 9IN3905 °2N3906 
—ICon = 10 MA; —IBon = !Boff = 1 MA | 
storage time ft Ss 200 225 ns 
Fall time Tea 60 75 ns 
7 





a Ey | Ts Ss TPAGT1 
Fig. 4 Input waveform; ts < 1 ns; Fig. 5 Storage and fall time test circuit; total 
10 ys < to <= 500 us: 6 = 0,02. shunt capacitance of test jig and connectors 


Cs < 4 pF; scope impedance = 10 MQ. 
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2N4030 to 2N4033 





— 
SILICON PLANAR EPITAXIAL TRANSISTORS ae 


P-N-P transistors in TO-39 metal envelopes primarily intended for large signal, low-noise, low-power 
audio frequency applications for industrial service. 


QUICK REFERENCE DATA 


i se 


2N4030 | 2N4031 





2N4032 | 2N4033 
Collector-base voltage (open emitter} —VcBO max. 60 s0 Vv 
Collector-emitter voltage (open base} —VcEQ max. 60 80 V 
Collector current (d.c.) —lIc max, 1 A 
Total power dissipation up to Tapp = 25 IC Prot max. 0,8 W 
Junction temperature Ti max. 200 °C 


2N4030 | 2N4032 


D.C. current gain 2N4031 | 2N4033 











—lc = 500 mA; —Vce =5V hee > 25 70 
Transition frequency at f = 100 MHz 

—Ic¢ = 50 mA; —Vec_e = 10 V fr > 100 | 150 MHz 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-39. 


Collector connected to case 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 


= Products approved to CECC 50002-131, available on request. 
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2N4030 
to 
2N4033 





RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 154) 


Volta ges 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Current 


Collector current (d.c.) 


Power dissipation 
Total power dissipation up to Tamb = 395 0C 
= 25 9C 


up to Toace 


Temperatures 


storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient in free air 


From junction to case 


CHARACTERISTICS 


Collector cut-off current 
Ip = 0; -Vop =50V 
Ip = 0; -Vop = 60V 
Ip = 0; -Vop = 90 V; Temp =-190 9C 
Ip = 0; -Vop = 60 V3 Tamb = 150 °C 


Emitter cut-off current 


le = (0); -VeER = 5V 


Breakdown voltages 
Ip = 0; -Ic = 10 pA 
Ip = 0; -Ic = 10 mA 
Ic = 0; -Ip = 10 pA 


2N4030 | 2N4031 
2N4032 | 2N4034 








=, | * ; 

V CBO max 60 80 0 
-VcEO max 60 80 V 
-VEBO max 5 So, 
-I¢ max, ] A 

Prine max, 0,8 W 

Prot max, 4,0 W 

T ste -65 to +200 9C 

Tj max, 200 oC 

Reh j-a 2 218 °C /W 

Reh j-c = 44 oC /W 


Tamb = 25 °C unless otherwise specified 





~lcRBo = 

-lcRo < 

-loRo < 

-IcBo = 

-V(BR)CEO 7 60 so v 4 
-V(BR)EBO 7 5 5 OV 


ly Measured under pulse conditions : tp = $00 ps; 6 = 0,01. 





April 1976 


CHARACTERISTICS (continued) 


Base-emitter volta ge 


-[c = 500 mA; -Vcp =0,5 V —-Vpr 
-Ic = 1000 mA; -VcRr=1,0V ~VBR 
Saturation voltages 
mes eee 

-Ic = 150 mA; -ip = 15 mA VCEsat 

| ~V BEsat 
-Ic = 500 mA; -Igp = 50 mA ~VCEsat 
-I¢ = 1000 mA; -Ip = 100 mA -VcEsat 


D.C. current gain hy 


-le = 100 mA; -Vcr 3°V; Tamb = 729 oC herr 


=I = 500 mA; -Vor = 5 V her 
2N4031 hep 


2N4032 hERE 
2N4033 hp 


Collector capacitance at f = 1 MHz 


Ip =Ie = 0; -Vog= 10 V Go 


Emitter capacitance at f = 1 MHz 
Ic =I, = 0; -Vep = 0,5 V - 


Transition frequency at f = 100 MHz 
=l = 50 mA; -VcCE = 1lOV fr 


l) Measured under pulse conditions: ty = 300 ps: 6 = 0,01, 


April 1976 


Vi 


A 










0,15 | 0,15 
0,90 | 0,90 
0,50 | 0,50 
1,00 - 
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2N4030 | 2N4032 
2N4031 |2N4033 


100 150 
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2N4030 
to 
2N4033 





Tamb = 25 °C unless otherwise specified 


2N4030 | 2N4031 
2N4032 | 2N4033 





v4 


pF 


pF 


MHz 
MHz 





2N4030 





CHARACTERISTICS (continued) Tamb = 25 °C 


switching times ly 


Turn-on time t <= 100 ns 


—lICgn = 900 mA; -Ipon = +l Roff = 50 mA 





storage time C < 350 ns 
Fall time tf < 50 ns 
Switching circuit: 
+3.8V -30V 
osc, 
a) 
~3.7V 
T2TVNI6 
Pulse generator: Oscilloscope: 
ise time tr < 20ns Rise time ty = l0ns 
Fall time te < 20ns Input impedance Z; > 100 k92 
Pulse duration ty = 10 us 
Duty factor 6 < 0,02 
source impedance Zg= 50 


1) See switching circuit for exact values of Icon; [pon and Iposf- 
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2N4123 
2N4124 





SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic TO-92 envelopes, primarily intended for low-power, small-signal audio- 
frequency applications for consumer service. 


P-N-P complements are 2N4125 and 2N4126. 


QUICK REFERENCE DATA 


ee 


2N4123 ae 
Collector-base voltage (open emitter) VCBO —max. 40 30 V 





Collector-emitter voltage (open base} VCcEQ max. 30 25 V 
Collector current (d.c.) Ic max. 200 | 200 mA 
Total power dissipation at Tamp = 25 OC Prot max. 350 | 350 mW 
Junction temperature Tj max. 150 | 150 °C 
Small-signal current gain | | 

lc = 2 mA; Veg = 10 V; f= 1 kHz Nfe < fa ia 


Transition frequency at f = 100 MHz . 
I¢=10mA; Vee = 20 V ft > 250 300 MHz 
Noise figure at Rg = 1 kQ2 
Ic = 100 pA; Vee =5V 








f = 10 Hz to 15,7 kHz F < 6 5 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92. 

1 
__Vo40 
2 ry min 





pa 5,2 max —e——__—— 12,7 min —__—__—_ 





a” diameter within 2,0 max_, | 
is uncontrolled 


JETEST2Z.3 al 
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2N4123 
2N4124 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


2N4123 | 2N4124 












Collector-base voltage (open emitter) VcBO max. 40 30 V 
Collector-emitter voltage (open base) VCEQ max. 30 25 V 
Emitter-base voltage (open collector) VEBO —max. 5 V 
Collector current (d.c.) Ie max. 200 mA 
Total power dissipation at Tamph = 25 OC Prot max. 350 mw 
Total power dissipation at Toase = 25 OC Prot max. 1000 mW 
— Storage temperature Tstg —65 to + 150 °C 
Junction temperature Tj max. 150 oC 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 357 K/W 
From junction to case Rthj-c = 125 K/W 
CHARACTERISTICS 
Tamb = 25 &C 
Collector cut-off current 
lp =0; Veep =20V IcBO < 50 nA 
Emitter cut-off current 
lc =O; Vegqaav lEBO < 50 nA 
Saturation voltages * 
~ ay Gat et VCEsat = 300 mV 
2N4123 |2N4124 
D.C t gain * tapes 
2.C. current gain | 
7 > 50 | 120 
lc= 2mMA; Vce=zlV hee < 150 | 360 
Ic =50 mA; Vee =1V hee i 25 60 
Collector capacitance at f = 100 kHz 
le=!,=0;Vcp=5V Ce ee 4 | > Be 
Emitter capacitance at f = 100 kHz 
lc=!_.=0; Veg = 0,5 V Ce < 8 | 8 pF 
Transition frequency at f = 100 MHz 
Ic = 10 mA; Vee = 20 V fT > 250 | 300 MHz 
Noise figure at Rg = 1 kQ 
Ic = 100 pA; Vee = 5 V | 
f= 10 Hz to 15,7 kHz F < 6 | 5 dB 
Small-signal current gain a] 
50 120 
Ic =2 mA; Vcg = 10 V; f= 1 kHz hfe a 900 480 


* Measured under pulse conditions: tp = 300 ws; 6 = 0,02. 
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2N4125 
2N4126 





SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in plastic TO-92 envelopes, primarily intended for low-power, small-signal audio- 
frequency applications for consumer service. 


N-P-N complements are 2N4123 and 2N4124. 


QUICK REFERENCE DATA 


2N4125 | 2N4126 





Collector-base voltage (open emitter) —VcBo max. 30 25 V 
Collector-emitter voltage (open base) —VCEO max. 30 25 V 
Collector current (d.c.) —Ic max. 200 200 mA 
Total power dissipation at Tamp = 25 OC Prot max. 350 | 350 mW 
Junction temperature Tj max. 150 150 °C 
small-signal current gain 

te npn ilies = 10 V; f= 1kHz ie © a | a: 


Transition frequency at f= 100 MHz 

—Ic = 10 mA; —Vee = 20 V tT > 200 250 MHz 
Noise figure at Rg = 1 k&2 

—Ic = 100 pA; —Vee =5V 


f = 10 Hz to 15,7 kHz F << 5 4 dB 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92, 

1 
__¥o.40 
?- ~ min 
3 


fe ee 





a diameter within 2.0 max | | 
es 4 — —_— T2F7H8972.3 =_- 
is uncontrolled 
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2N4125 
2N4126 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


2N4125 | 2N4126 









Collector-base voltage (open emitter) —VcCBO max. 30 25 V 
Collector-emitter voltage (open base) —-VCEO max. 30 | 25 V 
Emitter-base voltage (open collector) —VEBO max. 4 V 
Collector current (d.c.) —Ic max. 200 mA 
Total power dissipation at Tamb = 25 OC Prot max. 350 mW 
Total power dissipation at Tease = 25 IC Prot max. 1000 mW 
—* Storage temperature Tstg —65 to + 150 oC 
Junction temperature Tj max. 150 oC 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a = 35/7 K/W 
From junction to case Rthj-c = 125 K/W 
CHARACTERISTICS 
Collector cut-off current 
le =0; —Vcep =20 V -—Icpo < 50 nA 
Emitter cut-off current 
lc =0;—Vesg =3V —lepapn < 50 nA 
Saturation voltages * 
et tee eee —VCEsat < mV 
—Il¢ = 50 mA;—lp=5 mA —Veecat < mV 
D.C. current gain * > 
—Ilc= 2mA;—-Vce=1V hee is 
—Ic = 50 mA; —Vce =1V hee > 
Collector capacitance at f = 100 kHz 
le =|le=0;-Vep=5V Ce < pF 
Emitter capacitance at f = 100 kHz 
Ic =1,=0;-Veg=0,5V Ce < pF 
Transition frequency at f = 100 MHz 
—I¢ = 10 mA; —Vce = 20 V fr > MHz 
Noise figure at Rg = 1 kQ2 
—Ic = 100 pA; —Vee=5V 
f= 10 Hz to 15,7 kHz F =< dB 
Small-signal current gain S 
—Iq =2mA; —Vee = 10 V; f= 1 kHz hfe c 





* Measured under pulse conditions: tp = 300 ps; 6 = 0,02. 
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DEVELOPMENT SAMPLE DATA 


This information is derived from development samples 
made available for evaluation. It does not necessarily 
imply that the device will go into regular production, 


2N5400 
2N5401 





SILICON P-N-P HIGH-VOLTAGE TRANSISTORS 


P-N-P high-voltage small-signal transistors for general purposes and especially in telephony applications 
and encapsulated in a TO-92 envelope. 


N-P-N complements are 2N 5550 and 2N5551. 


QUICK REFERENCE DATA 


ene 


2N5400 | 2N5401 








Collector-base voltage (open emitter) —VcBO max. 130 160 #2V 
Collector-emitter voltage (open base) —-VcCEO max. 120 150 V 
Collector current —Ic max. 600 600 mA 
Total power dissipation up to Tamb = 25 °C Prot max, 625 625 mW 
Junction temperature Tj max, 150 150 
Collector-emitter saturation voltage 
Ic = 50 mA; lp =5mA VeCEsat max. 0,5 05 V 
D.C. current gain 
Ic = 10mA; Vee =—-5 V hee min. 40 60 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92. 
| ¥ 0,40 
| min 
ie 5,2 max Sane: 12.7 min ————— 
a ahaa ry 
is a max 





a” diameter within 2,0 me [es RE 
iS uncontrolled 
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2N5400 
2N5401 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 
Collector current 
Total power dissipation 
UP tO Tamb = 25 PC 
UP tO Trace = 25 OC 
Junction temperature 
Storage temperature 


CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified 
Collector cut-off current 
le =0;—Vecp = 100 V 
le =0; —Vep = 120 V 
le =0; —Vcp = 100 V; Tam = 100 OC 
le = 0; —Veg = 120 V; Tam = 100 OC 
Emitter cut-off current 
lc =0; -Vep =4,0V 
Breakdown voltages 
lc = 1,0 mA; Ip =0 
lc = 100 pA; Ie =0 
Ic =0; lp = 10 pA 
Saturation voltages 
—Ic = 10 mA; —Ip = 1,0 mA 


—I¢ = 50 mA; —Ip =5,0 mA 


D.C. current gain 

lc = 1,0 mA; —Vee =5 V 

Ic= 10mA;—-Vcp =5V 

Ic = 50mA;—Vce = 5 V 
Small-signal current gain 

Ic = 1,0 mA; —Vce = 10 V; f = 1 kHz 
Output capacitance at f = 1 MHz 

le =0;—Vep=10V 
Transition frequency at f = 100 MHz 

—Il¢ = 10 mA; —Ve_e = 10 V 


Noise figure at Re = 1 kQ2 
Ic = 250 pA; —Vce =5 V; 
f= 10 Hz to 15,7 kHz 


October 1983 


—lcBo 
—IcBoO 
—IcBO 
—lcBo 


—lEBO 


—VIBR)CEO 
-V(BR)CBO 
—ViBR)EBO 


—VCEsat 
—VBEsat 
—VCEsat 
—VBEsat 


NFE 


max. 
max. 
max. 
max. 


max, 


min, 
min. 
min, 


max. 
max, 
max, 
max, 


min. 
min. 
max. 
min. 


min, 
max. 
max. 


min. 
max, 


max. 


2N5400 | 2N5401 








625 
1000 


150 
—65 to + 150 


2N5400 | 2N5401 





100 


100 


160 


150 





<<< 


<<< <= 


pF 


MHz 
MHz 


dB 










2N5415 
2N5416 


SILICON P-N-P HIGH-VOLTAGE TRANSISTORS 


Transistors in TO-39 metal envelopes with the collector connected to the case, They are intended for 
high-speed switching and linear amplifier applications in military, industrial and commercial equipment. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBo max. 
Collector-emitter voltage (open base) —VCcEQ max. 
- Collector current (d.c.) —I¢ max. 
Total power dissipation up to Tamb = 50 °C Ptot max. 
Junction temperature qj max, 
D.C. current gain > 
—Ic¢ = 50 mA;—Vce = 10 V hfe < 
MECHANICAL DATA 
Fig. 1 TO-39. 


Collector connected to case 





Maximum lead diameter is guaranteed only for 12,7 mm. 
Accessories: 56245 (distance disc). 











2N5416 


2N5415 
200 350 V 
200 300 V 
1 1A 
1 1 W 
200 200 °C 
30 30 
150 120 
Dimensions in mm 
90.51 
max 


72893224 
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2N5415 
2N5416 











RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
2N5415 | 2N5416 
Collector-base voltage (open emitter) —VcBO max. 350 V 
Collector-emitter voltage (open base) —-VCEQO max. | 300 V 
Emitter-base voltage (open collector) —VERO max. 6V 
Collector current (d.c.) —Ie max. 1 A, 
Base current (d.c.) —Ip max. 0,5 A 
Total power dissipation up to Tease = 25 OC Prot max. 10 W 
Total power dissipation up to Tamp = 50 °C Prot max. 1 W 
ms . 7272999 
maximum permissible power 
dissipation versus case temperature 
ia rT TT 
HER RRR 
4S LT TTT TTT TTT Te 
ce, NE ERR EERE 
I Pa 
EERE 
ae 
=e 
ae 
Li Aas 
SSSR ERL GRE 
CELE LIN TE 
BES EES aE. ee 
rT a a 
Ba tok 1d 
|| EEA ERE 
EE i 
| 
CI 
= 
dis 
Fig. 2 
Storage temperature Tstg —65 to + 200 oC 
Junction temperature Tj max, 200 oc 
THERMAL RESISTANCE 
From junction to case Rthj-c = 17,5 K/W 
From junction to ambient in free air Rthj-a = 150 K/W 
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Silicon p-n-p high-voltage transistors | ON5415 











2N5416 

CHARACTERISTICS 
Tcase = 25 °C 
Collector cut-off currents 

le =0;-—Vep=175V —IcBO < 

le = 0;—Vep = 280 V —-IcBo < 

Ip =O0;—Vee = 150 V —-IcEO <= 

Ip =0;—Vee = 250 V —-IcEO < 
Emitter cut-off current 

lc =0;—Vep =4¥V —lEBO <= 

lc =0;-—VeR=6V —leEBO < _ 20 wA 
Sustaining voltage 

lp =0;—Ic =O to 50 mA —VcCEOsust — 200 300 V* 

L=25 mH 
‘ -Ic 7272998 
—~*Ccc (mA) 







nor. 
50 


Teel oscilloscope 








1102 vert. 
6V 
ol 7 
7272966 —Vceo 'V) 
Fig. 3 Test circuit for VCEQsust. Fig. 4 Oscilloscope display for VcEQsyst- 
Saturation voltages 
a oer se —VCEsat < 2,5 2,0 V 
Ic = 50 mA;—Ip =5 mA ~VeEeat 2 15 15 V 
D.C. current gain 
é NBD oe > 30 30 
Ic = 50 mA; —Vce = 10 V he < 150 120 
Collector capacitance at f = 1 MHz | 
le =le=0;-—Vcop=10V Ce = 15 pF 
Emitter capacitance at f = 1 MHz 
I¢= le = 0; Veg = —-VEBOmax Ce < 75 pF 


* Measured under pulse conditions to avoid excessive dissipation. 
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2N5415 
2N5416 


CHARACTERISTICS (continued) Trace = 25 OC 
Transition frequency at f = 5 MHz 
—Ic = 10mA;—Vee = 10 V fr = 15 MHz 


h-parameters (common emitter) 
—lc =5mA;—Vce = 10 V 
real part of input impedance at f = 1 MHz Relhie) < 300 22 
small-signal current gain at f = 1 kHz hfe > 25 
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DEVELOPMENT SAMPLE DATA 


This information i derived from development samples 
made available for evaluation, It does mot necessarily 
imply that the device will go into regular production, 


2N5550 
2N5551 





SILICON N-P-N HIGH-VOLTAGE TRANSISTORS 


N-P-N high-voltage small-signal transistors for general purposes and especially telephony applications 
and encapsulated in a TO-92 envelope. 


P-N-P complements are 2N5400 and 2N5401., 


QUICK REFERENCE DATA 


2N5550 | 2N5551 





Collector-base voltage (open emitter) VcBO max. 160 180 ~=ClUV 
Collector-emitter voltage (open base) VCEO max. 140 160 V 
Collector current Ic max, 600 600 mA 
Total power dissipation up to Tampb = 25 OC Prot max. 625 625 mW 
Junction temperature Tj max. 150 150 °C 
Collector-emitter saturation voltage 
Ic =50mA;lp=5mA VCEsat max. 025 | 0,20 V 
D.C. current gain 
Ic =10mA; Vee =a5V hee min, 60 80 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-92. 
1 
2 10,40 
ie min 
3 


[+ 5,2 max —e-<—————— 12,7 min > 





diameter within 2,0 max_ | | 
is uncontrolled _ i 71278972.2 
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2N5550 
2N5551 





RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


2N5550 | 2N5551 
VcBo max. 160 180 V 


Collector-base voltage (open emitter) 





Collector-emitter voltage (open base) VcCEO max. 140 160 V 
Emitter-base voltage (open collector) VEBO max. 6 V 
Collector current Ic max. 600 mA 
Total power dissipation 

UP tO Trace = 25 OC Prot max. 1000 mW 
Junction temperature Tj max. 150 oC 
Storage temperature T stg —6§5 to + 150 oC 
CHARACTERISTICS 


Tamb = 25 °C unless otherwise specified 


Collector cut-off current 2N5950 2N5551 


le = 0; Vep = 100 V IcBo max. 100 | nA 
le = 0; Veg = 120 V lcRo max, | 50 nA 
Ie = 0; VR = 100 V; Tamp = 100 °C ICBO max. 100 | uA 
le = 90; Veg = 120 V; Tarmb = 100 OC IcBo max. | 50 386A 
Emitter cut-off current | 
ic =0; Veg =4,0V leBO max. 50 | 50 nA 
Breakdown voltages 
Ic = 1,0 mA; Ip =0 VipR)cEO min. 140 | 160 V 
Ic = 100 vA; Ip =0 VigR)cBO «min. «160 | 180 V 
lc =O; le = 10 pA V(BR)EBO min. 6,0 | 60 V 
Saturation voltages | 
Ic = 10 mA; 1p =1,0 mA VCEsat max, 0,15 | 0,16 V 
VBEsat max. 1,0 | 1,0 V 
Ic = 50 mA; 1p =5,0 mA VcEsat max. 0,25 | 0,20 V 
VBEsat max. Y2 0. Vv 
D.C. current gain | 
lc =1,0 mA; Vee =5 V hee min. 60 | BO 
5 min 60 | 80 
lc= 10mA; Vee =5V hee niet 250 | 250 
lc = 50mA; Vee =5V hee min, 20 30 
small-signal current gain 
a ; = oo | min oQ) 50 
Ic = 1,0 mA; Veg = 10 V; f= 1 KHz hfe doe 200 200 
Output capacitance at f = 1 MHz 
le =0;Vep=10V Co max. 6 G* pr 
Input capacitance at f = 1 MHz 
ic = 0; Veg =O,5V Cj max. 30 30 «pF 
oe lb la aah a MHz ; ar 100 100 MHz 
Cc peGE o. a max 300 300 MHz 
Noise figure at Rg = 1 kQQ 
. 8 dB 


lc = 250 vA; Vce = 5 V; f = 10 Hz to 15,7 kHz F max. 10 
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ACCESSORIES 


DISTANCE DISCS 


MECHANICAL DATA 
Fig. 1 56245 for TO-5 or TO-39. 
Insulating material. 


Dimensions in mm 





0,65 
——- Se 


| — 79 aagee| | HS549 








TEMPERATURE 
Maximum permissible temperature cn max. 100 °C 
Fig. 2 56246 for TO-18 or TO-72, 
Insulating material. 
= 
16 
| | 4 
—— Ge! 71265542 
TEMPERATURE 
Maximum permissible temperature T max. 100 °C 
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INDEX 





INDEX OF TYPE NUMBERS 


The inclusion of a type number in this publication does not necessarily imply its availability. 


typeno. book — section typeno. book — section typeno. book — section 


BA220 Sl SD BAS29 S7/S1 Mm/SD BAV101 S7/S1 Mm/SD 
BA221 $1 sD BAS31 S7/Sl1 Mm/SD BAV1O2 S7/S1 Mm/SD 
BA223 Sl T BAS3? S7/Sl Mm/SD BAVLO3  $7/S1 Mm/SD 
BA281 $1 SD BAS35 87/51 Mm/SD BAW56 S7/S1 Mm/SD 

| BA314 51 Vrg BAS45 $l SD BAW62 Sl 5D 
BA315 Sl Vre BAS56 Sl SD BAX12 $1 SD 
BA316 Sl SD BATL7 §7/SL Mm/T BAX14 $l sD 
BA317 $1 sD BAT18 $7/Sl1 Mm/T BAX18 $1 SD 
BA318 Sl sD BAT54 Sl SD | BAY80 81 SD 
BAS23 Sl T BAT7 4 $1 sD BB112 $1 T 

| BASSO Sl il BATS1 S] T BB119 Sl T 
BA481 Sl T BATS? Sl T BB130 $1 T 
BA4S82 Sl T BATS3 $1 T | BB204B Sil T 

| BA4S3.—s SI T BAT85 _— Si T | BB204G_ SI T 

| BA4SS4 $1 T BATS6 Sl T BB212 Sl T 

| BA682 $1 T BAVLO Sl sp | BB405B_ §1 T 

| BA683 Sl T BAV18 $1 sD | BB417 $1 T 

| BAS11 Sl SD BAVLI Sl SD | BBS809 Sl 1 
BASL5 Sl SD BAV20 Sl SD | BBIO9A Sl T 
BAS16 S7/S1 Mm/SD | BAV21 Sl sp BB909B Si T 
BAS17 S7/S1 Mm/Vrg BAV23 S7/S1 Mm/SD | BBY31 S7/S1  Mm/T 
BASLI S7/Sl1 Mm/SD BAV45 Sl Sp | BBY40 S7/S1 Mm/T 
BAS20 S7/S1 Mm/SD BAV7O S7/S1 Mm/SD BC107 $3 Sm 
BAS?1 S7/Sl1 Mm/SD BAV9O $7/S1 Mm/SD | BC1OS 53 Sm 
BAS28 $7/Sl Mm/SD BAVIO0 S7/S1 Mm/SD BC109 33 Sm 





Mm = Microminiature semiconductors Sp = Special diodes 
tor hybrid circuits T = Tuner diodes 
SD = Small-signal diodes Vrg = Voltage regulator diodes 


Sm = Small-signal transistors 
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BC140 
BC141 
BC146 
BC160 
BC161 


BCL?7 
BC1/8 
BC179 
BC200 
BC264A 


Pere PRR 


A 
he} 


BC264B 
BC264C 
BC264D 
BC3273A 
BC328 


BC3373A 
BC338 
BC368 
BC369 
BC375 


BC376 
BC546 
BC547 
BC548 
BC549 


BC550 
BC556 
BC557 
BC558 
BC559 


BC560 
BC635 
BC636 
BC637 
BC638 


BC639 
BC640 
BC807 
BC808 

BC817 





[freee REPRE PERE PRRRE PR ERE Faas 


* = series 


FET = Field-effect transistors 
Mm = Microminiature semicondcutors 
for hybrid circuits 
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BC818 
BC846 
BC847 
BC848 
BC849 


BC850 
BC856 
BC857 
BC858 
BC859 


BC860 
BC868 
BC869 
BCF29:R 
BCF30;R 


BCF32;R 
BCF33;R 
BCF70:R 
BCFS81;R 
BCV61 


BCV62 

BCV71:R 
BCV72;R 
BCW29:R 
BCW30;R 


BCW31;R 
BCW32;R 
BCW33:R 
BCW60* 
BCW61* 


BCW69;R 
BCW/O;R 
BCW71;R 
BCW72:R 
BCW81:R 


BCW89;R 
BCXL7:;R 
BCX18:R 
BCX19;R 


BCX20;R 


s/ 
S7 
S7 


Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mim 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 
Mm 


= Low-frequency power transistors 
Sm = Small-signal transistors 


type no. 


BCXS1 
BCX52 
BCX53 
BCX54 
BCX55 


BCX56 
BCX68 
BCX69 
BCX7 0* 
BCX? 1* 


BCY56 
BCY57 
BCY58 
BCY59 
BCY70 


BCY/ 1 
BCY72 
BCY78 
BCY79 
BCY87 


BCY88 
BCY89 
BD131 
BD132 
BD135 


BD136 
BD137 
BD138 
BD139 
BD140 


BD201 
BD202 
BD203 
BD204 
BD226 


BD227 
BD2238 
BD229 
BD230 
BD231 


book 


s/ 
S7 
S7 
s7 
S/ 


S7 
S7 
S7 
s7 
S/ 


83 
53 
$3 
53 
53 


53 
$3 
$3 
33 
33 


$3 
$3 
S$4a 
84a 
54a 


S4a 
S4a 
S4a 
S4a 
S4a 


S4a 
S4a 
S4a 
S4a 
S4a 


S4a 
S4a 
S4a 
S4a 
S4a 


g 
: 


wwe URES PERSE SEGRE FREFF FF RE 


rd fg Fo Fg FG ror eo hg 


ao Fo ro rg 










































typeno. book section | type no. 
BD233 S4a P BD433 S4a P BD843 S4a P 
BD234 S4a Pp BD434 S4a P BD844 S4a Pp 
BD235 S4a P BD435 S4a P BDS45 54a P 
BD? 36 S4a P BD436 54a P BDS846 S4a P 
BD237 S4a P BD437 S4a P BD847 S4a Pp 
BD238 S4a P BD438 S4a P BDS84s S4a P 
BD239 S4a P BD645 S4a P BD849 Sha Pp 
BD?239A S4a P BD646 54a P BD850 S4a P | 
BD239B S4a P BD6H47 S4a P BD933 S4a Pp 
BD239C Séa_ PP BD648  S4a_ sw BD934-S4a—sé&P | 
BD240 S4a P BD649 S4a P BD935 S4a P 
BD240A S4a P BD650 S4a P BD936 S4a P | 
BD?40B S4a P BD4651 54a P BD937 S4a P 
BD240C S4a P BD652 S4a P BD938 S4a P . 
BD? 41 S4a P BD6/5 S4a P BD939 S4a P 
BD241A4 54a P BD676 54a P | BD940 $4a P 
BD241B Séa P BD677 S4a P | BDI4I S4a P 
BD?241C S4a P BD6/8 S4a P | BD942 S4a P 
BD24?2 S4a P BD679 54a P  &BD9I43 S4a P 
BD242A S4a P BD680 S4a P BD944 S4a P 
BD242B S4a P BD681 S4a P BD945 S4a P 
BD242C S4a P BD682 S4a P BD946 S4a P 
BD?43 S4a P BD6383 S4a P BD947 S4a P 
BD243A 54a P BD684 54a P BD948 S4a P 
BD243B S4a P BDS13 S4a P BD949 S4a P 
BD243¢C S4a P BD&814 S4a P BD950 S4a P 
BD244 S4a P BD815 S4a P BD951 54a P 
BD244A S4a P BD816 S4a P BD95?2 S4a P | 
BD? 44B S4a P BDS17 S4a P BD953 S4a P 
BD?44C 54a P BDS18 S4a P BD954 S4a P 
BD329 S4a P BDS25 S4a P BD955 S4a P 
BD330 S4a P BD826 S4a P BD956 Sha Pp 
BD331 S4a P BDS27 S4a P BDT20 54a P 
BD332 S4a P BD828 S4a P BDT21 S4a Pp 
BD333 S4a P BD829 S4a P BDT29 S4a P 
BD334 S4a P BD830 S4a P BDT?9A S4a P 
BD335 S4a P BDS39 S4a P BDT29B S4a P 
BD336 S4a P BD840 S4a P BDT29C S4a P 
BD337 S4a P BD841 S4a P BDT30 S4a P 
BD338 S4a P BDS4? S4a P BDT30A S4a P 





P = Low-frequency power transistors 
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type no. type no. 













BDT3OB S4a P BDT65B S4a P BDX43 S4a P 
BDT30C S4a P BDT65C S4a P BDX44 S4a P 
BDT31 54a P BDT91L S4a P BDX45 S4a P 
BOT31LA S4a P BDT92 S4a P BDX46 S4a P 
BDT31B S4a P BDT93 S4a P BDX47 S4a P 
BDT31C S4a P BDT94 S4a P BDX62 S4a P 
BDT32 54a P BDT95 84a P BDX62A S4a P 
BDOT32A S4a P BDT96 S4a P BDX628 S4a P 
BDT328 S4a P BDV64 S4a P BDX62C S4a P 
BDT32C S4a P BDV64A 54a P BDX63 S4a P 
BDT41 S4a P BDV64B S4a P BDX63A S4a P 
BDT41A S4a P BDV64C S4a P BDX63B S4a P 
BDT4 15 S4a P BDV65 S4a P BDX63C S4a P 
BDT41¢C S4a P BDV65A S4a P BDX64 S4a P 
BDT42 S4a P BDV65B S4a P BDX64A Sha P 
BDT42A S4a P BDV65C S4a P BDX64B S4a P 
BDT42B S4a P BDV66A S4a P BDX64C S4a P 
BDT42C S4a P BDV66B S4a P BDxX65 S4a P 
BDT60 S4a P BDV66C S4a P BDX65A S4a P 
BDT60A S4a P . BDV66D S4a P BDX65B Sha P 
BDT605B S4a P BDV67A S4a P BDX65C S4a P 
BDT60C S4a P BDV6/8B S4a P BNX66 Sha P 
BDT61 S4a P BDV6/C S4a P BDX66A S4a P 
BDT61A S4a P BDV67D S4a P BDX66B S4a P 
BDT61B8 S4a P BDV91 S4a P BDX66C S4a P 
BDT61C S4a P BDV92 S4a P BDX67 S4a P 
BDT6? S4a Pp BDV93 S4a P BDX67A S4a P 
BDT62A S4a P | BDV94 S4a P BDX67B S4a P 
BDT62B S4a P BDV95 S4a P BDX6/7C S4a P 
BDT62C S4a P BDV96 S4a P BDX68 S4a P 
BDT63 S4a P BDW55 S4a P BDX68A P 
BDT63A S4a P BDW56 S4a P BDX68B P 
BDT6 3B S4a P BDW57 S4a P BDX68C P 
BDT63C S4a P BDW58 S4a P BDX69 P 
BDT64 S4a P BDW59 S4a P BDX69A P 
BDT64A Gha P BDW60 S4a P BDX69B P 
BDT64B S4a P BDX35 S4a P BDX69C P 
BDT64C S4a P BDX36 S4a P BDXK77 P 
BDT65 S4a P | BDX37 S4a P BDX78 P 
BDT65A S4a P BDX42 S4a P BDX91 P 








P = Low-frequency power transistors 
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P BF47 1 $4b 
P BF472 S4b 
P BF483 $3 
P BF485 33 
P BF487 33 
P BF494 $3 
BDYIOA P BF495 $3 
BDY91 P BF496 $3 
BDY92 P BF510 s7/s5 
BF198 Sm BF511 $7/85 : BF990 
BF199 $3 Sm BF512 87/85 Mm/ FET BF991 7/55 Mm/ FET 
BF240 $3 Sm BF513 $7/S5 Mm/FET BF992 57/55 Mm/ FET | 
BF241 $3 Sm BF536 S7 Mm BF994 S7/S5  Mm/ FET | 
BF2454 §&5 FET BF550;R 5S? Mm BF996 S7/S5 Mm/FET| 
BF245B = §5 FET BF569 Ss? Mm BFGIOA S10 WBT 
BF245C $5 FET BF579 s7 Mm BFGI1A $10 WBT 
BF247A 85 FET BF620 s7 Mm BFG96 $10 WET 
BF247B §5 FET BF621 s7 Mm BFP9OA 510 WBT 
BF247C $5 FET BF622 S7 Mm | BFP91A S10 WBT 
| BF256A §5 FET BF623 s7 Mm BFP96 $10 WBT 
| 
BF256B §5 FET BF660;R 5/7 Mm BFOLO $5 FET 
BF256C 55 FET BF689K S10 WBT BFOQLL $5 FET 
BF324 $3 sm BF7 67 $7 Mm BFQ12 $5 FET 
BF370 $3 om. BF819 S4b HVP BFQ13 $5 FET 
BF410A = §5 FET BF820 $7 Mm BFO14 $5 FET 
BF410B §5 FET BF821 S7 Mm BFOLS $5 
BF410C 55 FET BF822 $7 Mm BFOQ16 $5 
BF410D 55 FET BF823 Si Mm BFQL7 $7 
BF419 $4b HVP BF824 S7 Mm BFQISA = S7 
BF420 $3 Sm BFS857 S4b HVP BFOLY §7 
BF421 $3 Sm BF858 S4b HVP BFOQ22 $10 
BF422 $3 Sm | BF859 S4b HVP BFO2Z28 510 
BF423 53 Sm BFS69 54b HVP BFQ23 $10 
BF450 $3 Sm BF870 $4b HVP BFQ24 510 
BF451 $3 Sm BF871 S4b HVP BFQ32 $10 
BF457 S4b HVP BF872 S4b HVP BFQ33 $10 
BF458 S4b HVP BF926 $3 Sm | BFQ34 S10 
BF459 S4b HVP BF936 53 Sm BFQ34T $10 
BF469 54b HVP BF939 $3 Sm BFQ42 S6 
BF470 S4b HVP BF960 $5 FET BFQ43 S6 
FET = Field-effect transistors P = Low-frequency power transistors 
HVP = High-voltage power transistors RFP = R.F. power transistors and modules 
Mm = Microminiature semiconductors Sm = Small-signal transistors 
for hybrid circuits WBT= Wideband hybrid IC transistors 
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type no. 





698 


BFQ51 $10 WBT BFT45 $3 BGY23 S6 RFP 
BFQ52 $10 WBT BFT46 s7/85 BGY23A S86 RFP 
BFQ53 $10 WBT BFT92;R 87 BGY32 S6 RFP 
BFQ63 $10 WET BFT93;R 57 BGY33 56 RFP 
BFQ65 $10 WBT BFW10 S5 : | BGY35 S6 RFP 
BFQ66 $10 WBT BFW11 5S BGY36 S6 RFP 
BFQ68 $10 WBT BFW12 S5 BGY40A 6 RFP 
BFR29 $5 FET BFW13 $5 BGY40B 56 RFP 
BFR30 S7/S5 Mm/FET BFW16A $10 BGY41A 56 RFP 
BFR31 s7/S5 Mm/FET BFW17A $10 BGY41B S6 RFP 
BFR49 S10 WBT BFW30 $10 BGY43 S6 RFP 
BFR53;R 87 Mm BFW61 $5 BGY45A S86 RFP 
BFR5S4 83 Sm BFW92 $10 BGY45B S6 RFP 
BFR64 S10 WBT BFW92A 8810 BGY46A S6 RFP 
BFR65 $10 WBT BFW93 $10 BGY46B S6 RFP 
BFR84 ~—s $5 FET BFX29. ss $3 Sm BGY47" $6 RFP 
BFR90 $10 WBT BFX30 $3 Sm BGY50 $10 WBM 
BFRIOA S10 WBT BFX34 $3 Sm BGY51 $10 WBM 
BFR91 $10 WBT BFX84 53 Sm BGY52 S10 WBM 
BFRIIA = S10 WBT BFX85 $3 Sm BGY53 S10 WBM 
BFR92;R 87 Mm BFX86 $3 Sm BGY54 $10 WBM 
BFR92A;R S7 Mm BFX87 $3 Sm BGY55 S10 WBM 
BFR93;R $7 Mm BFX88 $3 Sm BGY56 510 WBM 
BFRO3A;R S/ Mm BFX89 $10 WET BGY5/7 $10 WEM 
BFRO4 510 WBT BFY50 $3 Sm BGY58 $10 WBM 
BFRIS $10 WBT BFY51 $3 Sm BGY58A S10 WBT 
BFRI6 $10 WBT BFY52 53 Sm BGY59 S10 WBM 
BFRI6S S10 WBT BFY55 $3 Sm BGY60 S10 WBM 
BFRIOLA;B $7/S5 Mm/FET BFY90 $10 WB BGY61 $10 WBT 
BFS17;R 87 Mm BG2000_—s SI RT BGY65 $10 WBT 
BFS18;R S7 Mm BG2097—s Sl BGY67 $10 WBT 
BFS19;R 57 Mm BGX11*  $2b BGY70 510 WBT 
BFS20;R $7 Mm BGX12*  §2b BGY7 1 $10 WBT 
BFS21 S5 FET BGX13*  S2b BGY74 S10 WBM 
BFS21A 85 FET BGX14*  $2b BGY75 $10 WBM 
BFS22A S6 RFP BGX15*  §2b BGY93A S6 RFP 
BFS23A 56 RFP BGX17*  &2b BGY93B S6 RFP 
BFT24 $10 WBT BGX25 S2a BGY93C = S6 RFP 
BFT25;R S77 Mm BGY22 Sh BLU20/12 S6 RFP 
BFT44 s3 Sm BGY22A S6 BLU30/12 S6 RFP 
* = series sm = §mall-signal transistors 


FET = Field-effect transistors 


Mm = Microminiature semiconductors 


for hybrid circuits 
RFP = R.F. power transistors and modules 


RT = Tripler 
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ThM = Thyristor modules 
WBM = Wideband hybrid IC modules 
WBT = Wideband hybrid IC transistors 








typeno. book — section qj 


BLU45/12 S6 
BLUSO S6 
BLUS1 S6 
BLU52 56 
BLU53 $6 
BLU60/12 S6 
BLUQ7 S6 
BLU9S $6 
BLUQ9 S6 
BLV10 S6 
BLV11 S6 
BLV20 $6 
BLV21 S6 
BLV25 56 
BLV30 S6 
BLV30/12 $6 
BLV31 S6 
BLV32F $6 
BLV33 S6 
BLV33F 56 
BLV36 S6 
BLV37 S6 
BLV45/12 S6 
BLV57 S6 
BLV59 S6 
BLV75/12 S86 
BLV80/28 S6 
BLV90 36 
BLV91 S6 
BLV92 $6 
BLV93 $6 
BLV94 $6 
BLV95 S6 
BLV96 S6 
BLV97 S6 
BLV98 $6 
BLV99 S6 
BLW29 $6 
BLW31 S6 


BLW32 $6 


FET = Field-effect transistors 
Mm = Microminiature semiconductors 


for hybrid circuits 


PDT = Photodiodes or transistors 


type no, 


BLW33 
BLW34 
BLWS0F 
BLW60 
BLW60C 


BLW/6 
BLW/7 
BLW/8 
BLW/9 
BLW80 


BLW8 1 
BLW82 
BLW83 
BLW84 
BLW85 


BLW86 
BLW87 
BLW89 
BLW90 
BLW91 


BLW95 
BLW96 
BLW9/ 
BLW98 
BLW99 


BLX13 
BLX13C 
BLX14 
BLXLS5 
BLX39 


BLX65 
BLX65E 
BLX67 
BLX68 
BLX69A 


BLXOLA 
BLX9ICB 
BLXO2ZA 
BLXO3A 
BLX94A 


RFP = R.F. power transistors and modules 
= Small-signal transistors 
= Thyristors 


sm 
Th 


section 


typeno. book — section 


a 


nn 





BLX94C 3—_- S6 
BLX95 S6 
BLX96 S6 
BLX97 S6 
BLX98 S6 
BLY85 $6 
BLY87A S6 
BLY87C S86 
BLY88A S86 
BLY88C S86 
BLY8S9A S6 
BLY89C = S6 
BLY90 56 
BLY91A S86 
BLY91C = $6 
BLY92A S6 
BLY92C $6 
BLY93A 56 
BLY93C S6 
BLY94 S6 
BLY97 $6 
BPF1O $8 
BPF24 s8 
BPW22A S88 
BPW50 $8 
BPX25 S8 
BPX29 58 
BPX40 S8 
BPX41 $8 
BPX4? S8 
BPX71 $8 
BPX72 SB 
BPX95C $8 
BR100/03 S2b 
BRIO1 $3 
BRY39 $3 
BRY56 $3 
BRY61 S7 
BRY62 ST 
BSD1O $5 


RFP 
RFP 
RFP 
RFP 
RFP 


—_ 
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INDEX 


| typeno, book — section | 


BSD12 $5 FET 
BSD20 $5/7 ‘FET 
BSD22 S5/7 =‘ FET 


BSD212 $5 FET 
BSD213. $5 FET 
BSD214 $5 FET 
BSD215_ $5 FET 
BSR12;R $7 Min 
BSRI3;R S/ Mm 
BSR14;R_ S7 Mn | 
BSRI5:R 87 Mn 
BSR16:R $7 Mm 
BSRI7:R $7 Mm 
BSRI7A:R S7 Mim 
BSRI8;R $7 Mim 
BSRI8A;R S7 Min 

BSR30—s ST Min 

BSR31 _—S7 Mim 

BSR32._—s 7 Mi 

BSR33.—s ST Mm 

BSR40 _—sST Min 

BSR41 —«S7 Mn 

BSR42—s $7 Mm 

BSR43. ST Mi 

BSR50 ~—s $3 Sm 

BSR51 = $3 Sm 

BSR52.—s $33 Sm 


e 
i 


BSR56 $7/S5 
BSR57 57/35 Mm/FET 


BSR58 $7/S5 Mm/ FET 
BSR60 $3 Sm 
BSRO61 S3 5m 
BSR62 53 Sm 
BSS38 §3 Sn 
BS850 $3 Sm 
BSS51 33 Sm 
BSS852 $3 Sm 
| BSS60 33 om 
BSS61 53 Sm 
BSS62 $3 Sm 
4 = series 


FET = Field-effect transistors 

Mm = Microminiature semiconductors 
for hybrid circuits 

Sm = Small-signal transistors 
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BSS63;R 
BSS64;R 
BSS68 
BSS83 
BST15 


BST16 
B5T39 
BST40 
B5T50 
BST51 


BST52 
BST60 
BST61 
BST62 
BST/0A 


BST72A 
BST/74A 
BST/6A 
BST/38 
BSV15 


BSV16 
BSV17 
BSV52;R 
BSV64 
BSV78 


BSV/9 
BSV80 
BS5V81 
BSW66A 
BSW67A 


BSW68A 
BSxX19 
BSX20 
BSX45 
BSxX46 


BSX47 
BSX59 
BSxX60 
BSxX61 
BSY95A 





section 

37 Mm 
s/ Mm 
$3 Sm 
$5/7 FET/Mm 
s/ Mm 
S7 Mm 
S7 Mim 
S7 Mm 
7 Mm 
S/ Mm 
s7 Mm 
3/ Mm 
S7 Mm 
S/ Mm 
55 FET 
55 FET 
S5 FET 
55 FET 
55 FET 
$3 Sm 
53 Sm 
$3 Sm 
s7 Mm 
53 Sm 
55 FET 
55 FET 
55 FET 
$5 FET 
53 Sn 
53 Sm 
53 Sm 
$3 Sm 
83 Sm 
$3 Sm 
53 Sm 
$3 Sm 
53 Sm 
33 Sm 
533 Sm 
$3 Sm 
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BT136* S2b Tri 
BT137* S2b Tri 
BT138* S2b Tri 
BT139* S2b Tri 
BT149* 








BT151* 
BT152*  S2b Th 
BT153 S2b Th 
BT155* S2b Th 
BT15/* 








BIV24* | 
BIV34* $2b Tri 
BTV58* 52b Th 
BIV59* S2b Th 
BTV60* 









BTW23* 
BIW38* S2b Th 
BTW40* S2b Th 
BTW42*  S2b Th 
BTW43* 











BTW45* 
BIW58* 826 Th 
BTIW59* S2b Th 
BTW63* $2b Th 
BIW92* 









BTX18* 
BTX94* $2b Tri 
BTY7 9* S2b Th 
BTY91* S2b Th 
BU208A 












BU2Z08B 
BU326 S4b SP 
BU326A 54b SP 
BU426 S4b SP 
BU426A 












BU433 
BU505 S4b SP 
BUSO8A S4b SP 
BU7OS S4b SP 
BU806 






SP = Low-frequency switching power transistors 
Th = Thyristors 
Tri = Triacs 





* 


PM = Power MOS transistors 
= Rectifier diodes 
SP = Low-frequency switching power transistors 


R 


typeno. book 


BU807 —- S4b 
BU824 S4b 
BU826 = S4b 
BUSI1:A S4b 
BUS12;A $4b 


BUS13;A S4b 
BUS14;A S4b 
BUTI11;A S4b 
BUV82 S4b 
BUV83  S4b 


BUV89 S4b 
BUW11;A S4b 
BUW12;A S4b 
BUW13;A S4b 
BUW84  S4b 


BUWS5 S4b 
BUX46;A S4b 
BUX47:A S4b 
BUX48;A S4b 
BUK80 S4b 


BUX81 

BUXS2 S4b 
BUX83 S4b 
BUX84 S4b 
BUX85 S4b 


BUX86 S4b 
BUX87 S4b 
BUX88 S4b 
BUX9O S4b 
BUX98 S46 


BUX98A S4b 
BUY89 S4b 
BUZ1O $9 
BUZ1OA 89 
BUZ11 59 


BUZLILA 89 
BUZ14 59 
BUZL15 $9 
BUZ20 59 
BUZ21 59 





= series 


BUZ23 
BUZ24 
BUZ25 
BUZ30 
BUZ31 


BUZ32 
BUZ33 
BUZ34 
BUZ35 
BUZ36 


BUZ40 
BUZ41A 
BUZ42 
BUZ43 
BUZ44A 


BUZ45 
BUZ45A 
BUZ45B 
BUZ45C 
BUZ46 


BUZSOA 
BUZ5S0OB 
BUZ53A 
BUZ54 

BUZ54A 


BUZ60 
BUZ60B 
BUZ63 
BUZ63B 
BUZ64 


BUZ/ 1 
BUZ/71A 
BUZ/2 
BUZ/2A 
BUZ73A 


BUZ/74 
BUZ74A 
BUZ/6 
BUZ76A 
BUZ80 


59 
59 
59 
59 
89 


59 
59 


59 


59 


SEEES BPPZE ZPELES ZZVIZR 


SEES SEER 


SEES SESE 





BUZSOA 
BUZS83 
BUZS3A 
BUZS4 
BUZ84A 


BY228 

BY229* 
BY249* 
BY260* 
BY261* 


BY329% 
| ses 

BY438 
| BY448 
| BY458 
} 


BY505 
BY509 
BY527 
BY584 
BY588 


BY609 
BY610 
BY614 
BY619 
BY620 


BY707 
BY/708 
BY709 
BY7 10 
BY711 


BY/712 
BY713 
BY7 14 
BYD13_ 
BYD33 


BYD73* 
BYM56 

BYQ28* 
BYR29* 
BYT79* 


typeno. book — section | typeno. book section 


$9 PM 
59 PM 
$9 PH 
$9 PM 
$9 PM 
Sl R 
$2a R 
S§2a R 
S2a R 
S$2a R 
S2a R 
§2a R 
51 R 
51 R 
Sl R 
$1 R 
Sl R 
$l R 
$l R 
$1 R 
$l R 
51 R 
Sl R 
51 R 
Sl R 
Sl R 
Sl R 
$l R 
Sl R 
Sl R 
Sl R 
$1 R 
Sl R 
Sl R 
$l R 
Sl R 
51 R 
S2a R 
S2a R 
S2a R 
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D 


Mm = Microminiature semiconductors 
for hybrid circuits 
= Photoconductive devices 


Ph 


type no. 


section 


BYVLO Sl 
BYV19* S2a 
BYV20* 52a 
BYV21* S2a 
BYV22* $2a 
BYV23* S2a 
BYV24* $2a 
BYV26 $l 
BYV27* S1/S2a 
BYV25* S$1/$2a 
BYV29* S2a 
BYV30* $2a 
BYV32* S2a 
BYV33* S$2a 
BYV34* S2a 
BYV36" S11 
BYV39% $2a 
BYV42* S2a 
BYV43* S2a 
BYV7 2* S2a 
BYV7 3* S2a 
BYV7 9* S$2a 
BYV92* S2a 
BYV95A S51 
BYV95B $1 
BYV95C 51 
BYVI6D = $1 
BYV96E $l 
BYW25* $2a 
BYW29* S2a 
BYW30* S2a 
BYW31* S2a 
BYW54 Sl 
BYW55 $l 
BYW56 Sl 
BYW92* $2a 
BYW93* S2a 
BYW94* S2a 
BYW95A 51 
BYW95B = Sil 
= series 
= Displays 
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BYW95C 
BYW96D 
BYWI6E 
BYX25* 
BYX30* 


BYX32* 
BYX38* 
BYX39* 
BYX42* 
BYX46* 


BYX50* 


BYX96* 
BYX97* 
BYX98* 
BYX99* 
BZD23 


BZTO3 
BZV10 
BZV11 
BZV12 
BZV13 


BZV14 
BZV3/ 
BZV46 
BZV49* 
BZV55* 


BZV85, 
B2WO03 
BZW14 
BZW70* 
BZW86* 


BZW91* 
BZX55 
B2X7 OF 
BZx75 
BZX7 9* 


$1 R BZxX84* 
Sl R BZxX90 
$1 R BZX91 
S2a R BZX92 
S2a R BZX93 
$2a R BZX94 
S2a R BZY91* 
S2a R BZY93* 
S2a R BZY95* 
S2a R BZY96* 
S2a R CNX21 
S2a R CNX35 
S2a R CNX36 
Sl R CNX37 
Sl R CNX38 
S2a R CNX44 
S2a R CNX48 
S2a R CNX62 
S2a R | CNY¥50 
Sl Vre CNY52 
51 Vre CNY53 
Sl Vrf CNY57 
$l Vrf CNYS7A 
$l Vrf CNY62 
Sl Vrf CNY63 
$1 Vrt CQ209S 
$l vrf CQ216xX 
Sl Vrg CQ216Y 
S1/S7  Vrg/Mm CQ327;R 
$7 Mm CQ330;R 
$l Vre CQ3315R 
Sl Vrg CQ332:R 
Sl Vrg CQ427;R 
S2a TS | C€Q430;R 
$2a Ts | CQ431s5R 
S2a Ts | CQ432;:R 
$l Vrg CQOF24 
S2a Vrg COLLOA 
Sl Vreg CQL13 
$l 


CQL13A 


PhC = Photocouplers 
R = Rectifier diodes 


57/S1 
$1 
Sl 
$1 
$1 


51 

S2a 
S2a 
S2a 
$2a 


58 
$8 
58 
58 
58 


58 
58 
58 
58 
58 


58 
$8 
58 
58 
58 


58 
58 
88 
38 
$8 


58 
58 
$8 
58 
58 


58 
$8 
58 
58 
58 


TS = Transient suppressor diodes 
Vrf = Voltage reference diodes 
Vrg = Voltage regulator diodes 


|} typeno. book — section type no. book — section 


Mm /Vre 


Vrft 
Vret 
Vrf 
Vrt 





type no. 


COLI4A = S8 
COL14B «$8 
CONIO ~—_ $8 
CON11 $8 
coT1O ~—_ $8 


coT11 $8 
cQT12 58 
CQV60(L) S8 
COV60A(L)S8 
COV61A(L)S8 


CQV62(L) S8 
COV70(L) $8 
COV70A(L)S8 
CQV71A(L)S8 
COV72(L) $8 


cQvV8OL  s8 
COV80AL $8 
COV81L $8 
COV82L $8 
CQW10(L) $8 


CQWLOA(L)S8 
CQWLOB(L)S8 
COW11A(L)S8 
CQW11B(L)S8 
CQW12(L) 58 


CQW12B(L)S8 
cqw20A $8 
cow21 $8 
cow22. = $8 
CQW24(L) $8 


cow54 = $8 
coxl10 = $8 
CQOx11 $8 
coxl2 $8 
COX24(L) $8 


cQox51 $8 
CQX54(L) S8 
COX64(L) $8 
COX74(L) $8 
COX74Y $8 


= Infrared devices 


book 


section 


Ph 
Ph 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED = Light-emitting diodes 
= Low-frequency power transistors 


P 


Ph 








= Photoconductive devices 


CQOYLIB  s8 
coylic $8 
CQY24B(L)S8 
COY49B = S8 
coy49c $8 
coyso —- $8 
coys2 = $8 
COY5S4A = $8 
CQY58A = $8 
cQY89A = 88 
cqy94 $8 
CQY94B(L)S8 
CQY95B $8 
COY96(L) $8 
cQY97A = $8 
0M320 ~=— $10 
0M321 $10 
0M322 = $10 
0M323. = S10 
0M323A $10 
0M335 ~—s S10 
OM336 = $10 
OM337.—s S10 
OM337A S10 
0M339 = $10 
oM345 = S10 
OM350 $10 
0OM360 ~— $10 
OM361 s10 
0M370 ~— S10 
OM931  S4a 
OM961 S4a 


OSB9110 S2a 
OSB9I115 Sa 
OSB9210 S2a 


OSB9215 S2a 
OSB9410 S2a 
OSB9415 S2a 
OSM9110 S2a 
OSM9115 S2a 


LED OSM9710 52a 
LED OSM9715 S2a 
LED OSM9410 S2a 
LED OSM9415 S2a 
LED OSM9510 Sa 
LED OSM9511 S2a 
LED OSM9512 S2a 
LED 0589110 S2a 
LED 0$59115 S2a 
LED 0559710 S2a 
LED 0889215 S2a 
LED 0589410 S2a 
LED 05589415 S2a 
LED PH2222:R $3 
LED PH2222A:R53 
WBM PH2369 83 
WBM PH2907;R $3 
WRM PH2?907A:R53 
WEM PH2955T S4a 
WEM PH3055T S4a 
WEM PH5415 
WBM PH5416 
WBM PHSD51 
WBM RPY58A 
WBM RPY/ 6B 
WBM RPY86 
WBM RPY87 
WBM RPYS8&8 
WBM RPY89 
WBM RPY9O* 
P RPY91* 
P RPY93 
St RPY94 
st RPY95 
St RPY96 
St RPY97 
st RTC9O01 
St RTC902 
St RTC903 
St RTC904 

R = Rectifier diodes 

Sm = Small-signal transistors 

St = Rectifier stacks 


WBM = Wideband hybrid IC modules 
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st 
St 
St 
st 
St 


St 
st 
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INDEX 


typeno, book 
IN821;A S51 
1IN823;A Sl 
IN825;A S51 
1N827:A S51 
1N829;A 51 
1N914 $1 
1N916 Sl 
1N3879 S2a 
1N3880 $2a 
1N3881 S2a 
1N3882 S2a 
1N3883 S2a 
1N3889 §8©S2a 
1N3890 08=—« S2a 
1N3891 S2a 
1N3892 8 8©S2a 
1N3893 §2a 
1N3909 §2a 
LN3910 §2a 
IN3911 S2a 
1N3912 S2a 
1N3913 S2a 
IN4001G 51 
IN4002G Sl 
1N4003G $1 
IN4004G 51 
IN4005G 51 
IN4006G Sl 
IN4007G Sl 
1N4148 $1 
1N4150 51 
1N4151 51 
1N4153 $1 
1N4446 Sl 
1N4448 $1 
1N4531 Sl 
1N4532 Sl 
1N5059 Sl 
1N5060 Sl 
1N5061 Sl 
= Accessories 


A 


am A a a aA we a 


md od pd md bo 


FET = Field-effect transistors 


| 
Ph 
R 


= Infrared devices 
= Photoconductive devices 
= Rectifier diodes 
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1N5062 
1N5832 
1N5833 
1N5834 
1N6097 


1N6098 
2N918 
2N929 
2N930 
2N1613 


2N1711 
2N1893 
2N2219 
2N2219A 
2N2222 


2N2222A4 
2N2297 
2N2368 
2N2369 
2N2369A 


2N2483 
2N2484 
2N2904 
2N2904A 
2N2905 


2N2905A 
2N2906 
2N2906A 
2N2907 
2N2907A 


2N3019 
2N3020 
2N3053 
2N3375 
2N3553 


2N3632 
2N3822 
2N3823 
2N3866 
2N3903 


Sl 

S$2a 
S2a 
§2a 
$2a 


R 2N3904 $3 Sm 
R 2N3905 $3 Sm 
R 2N3906 $3 Sm 
R 2N3924 S6 RFP 
R 2N3926 © S6 RFP 
R 2N3927 86 RFP 
WBT 2N3966 = S5 FET 
Sm 2N4030 $3 Sm 
Sm 2N4031 $3 Sm 
Sm 2N4032 $3 Sm 
Sm 2N4033 $3 Sm 
Sm 2N4091 $5 FET 
Sm 2N4092 = S5 FET 
Sm 2N4093 $5 FET 
Sm 2N4123. $3 Sm 
Sm 2N4124 $3 Sm 
Sm 2N4125 $3 Sm 
Sm 2N4126 $3 Sm 
Sm 2N4391 $5 FET 
om 2N4392 = $5 FET 
Sm 2N4393  S5 FET 
Sm 2N4427 S86 RFP 
os 2N4856 $5 FET 
Sm 2N4857 = S5 FET 
Sm 2N4858 $5 FET 
Sm 2N4859 $5 FET 
Sm 2N4860 $5 FET 
an 2N4861 $5 FET 
Sm 2N5400 $3 Sm 
Sm 2N5401 $3 Sm 

Sm 2N5415 $3 Sm 
Sm 2N5416 $3 Sm 
Sm 2N5550 $3 Sm 
RFP 2N5551 $3 Sm 
RFP 618V S8 i 

RFP 375CQY/B S8 Ph 

FET 497CQF/A S8 Ph 
FET 498COL $8 Ph 

RFP | §6201ld S4b A 

bey 562013 S4b A 


RFP = R.F. power transistors and modules 
SD =Small-signal diodes 

SM_ = Small-signal transistors 

Vrf = Voltage reference diodes 

WBT= Wideband hybrid IC transistors 





| typeno, book section type no. book section typeno. book — section} 


56245  $3,6,10A 56359b  $2,S4b 56378  $2,S4b A 
56246 $3,5,10A 56359c $2,S4b 56379 $2,S4b A 
5626la S4b A 56359d  $2,S4b 56387a,b S4b A 
56264a,b S2a/b 


A 56360a $2,S4b 
56295 SJa/b A 56363 $2,S54b 
56326 S4b A 56364 $2,S4b 
56339 S4b A 56367 S2a/b 
56352 S4b A 56368a $2,S4b 
56353 S4b A 56368b $2,S4b 
56354 S4b A 56369 $2,S4b 





A = Accessories. 
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